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ABSTRACT 
The purpose of this study was to use a series of adult educational programs conducted 
in a developing country as a case study of adult extension education challenges and how 
these challenges could be met. The specific objectives of the study were to describe an adult 
education program in sustainable agriculture in a selected country in Africa, identify 
problems described by participants in specific areas of sustainable agriculture and to develop 
an improved adult agricultural education program model for the delivery of the technical 
information related to specific sustainable agricultural practices. 
Training programs on postharvest loss minimization and storage were conducted in 
Ethiopia from 1999 to 2003. This program was a part of a five-year program by Agricultural 
Cooperative Development International and Volunteer Overseas Cooperative Agency 
(ACDI/VOCA) and United States Agency for International Development (USAID) to 
develop agricultural cooperatives in Ethiopia. The program was administered to cooperative 
managers and promoters with the sole purpose of enhancing their capacity and improving 
their skills in postharvest loss minimization and storage. During the training programs, 
participants were asked to share information regarding their experiences in sustainable 
agricultural practices for postharvest loss minimization and storage that was used in this case 
study. 
The study revealed that there were major problems in postharvest losses and storage. 
Information and knowledge about sustainable agricultural practices for postharvest loss 
minimization and storage did not appear to reach most farmers. Extension workers were busy 
collecting taxes for the government rather than helping farmers use sustainable agricultural 
X 
practices and food production. Cooperative managers and promoters acknowledged that 
many barriers blocked the flow of information gained in the training programs for the 
grassroots farmers. Poverty, limited knowledge resources, infrastructure, poor government 
land policies, drought and starvation were some limiting factors to the adoption of sustainable 
agricultural practices for postharvest loss minimization and storage. 
Cooperative managers and promoters recognized the fact that there was a need for 
educational programs to provide technical information regarding sustainable agricultural 
practices for postharvest loss minimization and storage. Respondents regarded sources of 
information from schools and colleges, on-farm demonstrations, field days, seminars, 
workshops and visits to other successful cooperatives as the most useful strategies in 
agricultural education programs. It is recommended that a multidisciplinary team of experts 
such as entomologists, agriculturalists, agriculture economists and sociologists from 
educational institutions, donors, Non-Governmental Organizations (NGOs), private sector, 
and related government departments need to work together in order to achieve an ultimate 
goal of sustainability in agriculture for postharvest loss minimization and storage. Needs 
assessments to be conducted working together as a team of experts and farmers to develop 
practical solutions for postharvest loss minimization, storage and sustainability in food 
production. The multidisciplinary team of experts could train cooperative managers, 
promoters and extension agents through formal and non-formal educational programs such as 
workshops, seminars and in-house training programs. Information and knowledge gained by 
cooperative managers, promoters and extension agents would be used to train staff in 
cooperative stores and farmer leaders who will in turn help to train farmers at the grassroots. 
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CHAPTER 1. INTRODUCTION 
Training programs on postharvest loss minimization and storage were conducted in 
Ethiopia from 1999 to 2003. This program was a part of a five-year program by Agricultural 
Cooperative Development International and Volunteer Overseas Cooperative Agency 
(ACDI/VOCA) and United States Agency for International Development (USAID) to 
develop agricultural cooperatives in Ethiopia. The program was administered to cooperative 
managers and promoters with the sole purpose of enhancing their capacity and improving 
their skills in postharvest loss minimization and storage. During the training programs, 
participants were asked to share information regarding their experiences in sustainable 
agricultural practices for postharvest loss minimization and storage that was used in this case 
study. 
Ethiopia, a country in Eastern Africa, was the location of this case study. Ethiopia is a 
landlocked country bordering Kenya on the South, Sudan on the West, Somalia on the East 
and Eritrea on the North (Figure 1). According to the World Factbook (2002), it is a unique 
country in the world that has maintained an ancient Ethiopian monarchy that ensured the 
country did not succumb to colonial rule. Ethiopia barred the long arm of colonization. The 
monarchy rule was, however, overturned in 1974 by a military junta. Ethiopia then became a 
socialist country, and bloody coups, uprisings, drought and refugee problems continued to 
hamper the country's peace and development. Democracy was eventually restored in 1991. 
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Figure 1. Ethiopia and bordering countries 
Ethiopia's chaotic situation was worsened by wars with neighboring Eritrea (formerly part of 
Ethiopia) until the year 2000, when a truce was formed. The country has an area of 1,127,127 
sq. km. and a population of 67,673,031 (World Factbook, 2002) webpage. 
According to the World Factbook (2002) webpage, Ethiopia has small reserves of 
gold, platinum, copper, potash and natural gas. Arable land in Ethiopia is a mere 9.9% and 
only 0.65% of that land can be used for arable crops. Ethiopia has undergone many natural 
calamities, including, heavy deforestation, overgrazing, soil erosion, desertification and 
droughts. It is one of the world's poorest nations. The economy depends on agriculture, 
which contributes 50% to the Gross Domestic Product (GDP). Agriculture represents 85% of 
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the export market and provides 80% of the jobs of the employable population. Agricultural 
commodities produced by the country include cereals, pulses, coffee, oilseed, sugarcane, 
potatoes, qat, hides, cattle, sheep and goats. Agricultural production is severely affected by 
continued droughts and poor agricultural practices and, consequently, 4.6 million Ethiopians 
are under the mercy of donors, depending on food aid year after year. To combat poverty and 
hunger, there is a need for small-scale farmers to adopt agricultural practices that will 
enhance food production. 
Several international organizations are in Ethiopia participating in rural development 
and training programs. Training programs were conducted from 1999 to 2003 for Ethiopian 
farmers' cooperative society managers and promoters from regions of Ethiopia that had a 
cooperative business already in place as well as other regions where the cooperative 
businesses were beginning. These regions included Amhara, Afar, Addis Ababa, Gambella, 
Oromia and Somali. Farmers' cooperatives in Ethiopia supply farm inputs to farmers and 
also handle and market produce for farmers. They also provide financial support to the 
farmers in the form of farm credit. International organizations were involved and supported 
these training programs, including the United States Agency for International Development 
(USAID), Agricultural Cooperative Development International and Volunteer Overseas 
Cooperative Agency (ACDI/VOCA) in Ethiopia. These programs are described in this case 
study. As a result of these programs, various problems were identified by program attendees 
and participants. This information could help in developing an adult agricultural education 
model for the delivery of technical information to deal with problems in postharvest loss 
minimization and storage. 
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The focus of the training programs was postharvest loss minimization and storage. 
According to Agrios (1998), postharvest losses continue to devastate crops and produce, 
particularly in the Third World, where the majority of the world's poorest people reside. 
Minimization of food losses, particularly in cereals, pulses, roots and tubers requires 
immediate attention. A multi-disciplinary approach, as suggested by van den Ban and 
Hawkins (1996) including field staff, project supervisors, cooperative operators and 
extension personnel involved in food loss minimization programs can alleviate the problem. 
Educational and training programs could serve as one of the best strategies to deal with food 
loss minimization both in the field and during storage according to van den Ban and Hawkins 
(1996). While the educational and training approaches are technical in the areas of drying, 
processing and loss assessment, sustainable agricultural practices are also very important, 
since prevention is better than trying to fix the problem. Agrios (1998) suggested that 
sanitation alone can take care of 80% of field and storage losses. According to van den Ban 
and Hawkins (1996), it is hoped that extension workers, agricultural personnel, cooperative 
operators and other field staff in agricultural programs would acquire knowledge that best 
meets their basic educational needs and in turn help in educating producers for the hands-on 
practical skills in the fields of crop production. 
According to van den Ban and Hawkins (1996), programs in agriculture have 
educated agricultural workers on how to improve farming and agricultural educators have 
received education on plant breeding, fertilizer application, animal husbandry, postharvest 
loss minimization and pest management, van den Ban and Hawkins (1996) however, view 
adult agricultural educators' role as change agents to change farmers. Farmers would then 
decide whether to change their farms or not to change them at all. van den Ban and Hawkins 
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(1996) continue to suggest that agricultural extension educators, and other agricultural 
workers are not getting education in the important area of the process of changing farmers. 
These adult educators instead learn the technical information to tell to the farmers but do not 
learn how to communicate it to farmers in order to help the farmers make their own informed 
decisions in food production. Agricultural education is important in teaching adult educators 
to gain communication skills. An important goal is to help farmers make their own decisions 
in adopting sustainable agricultural practices particularly concerning postharvest loss 
minimization. 
According to van den Ban and Hawkins (1996), sources of food production 
information needed by farmers at the grassroots level include agricultural research, 
agricultural experts, agricultural extension, and social and psychology researchers. 
Information is then handed top-down to extension agents, agricultural personnel and 
cooperative operators by their organizations and finally to the recipient farmers at the 
grassroots. The intentions of these messages are to bring about changes in both the farmer 
and their production fields. Unfortunately, as van den Ban and Hawkins (1996) indicated, 
this kind of a top-down flow of information model does not allow feedback from producers 
and other stakeholders. Feedback information is very important in agricultural educational 
programs (van den Ban and Hawkins, 1996). 
Rogers (1995) also suggested that the education for adult farmers should aim at 
helping farmers make their own informed decisions in solving problems in their agricultural 
production fields as well as the process of problem solving. Producers have been trained to 
identify pests, diseases and weeds and how to deal with these technical problems to control 
and manage pests in crops and animals. Producers also have access to brochures with a lot of 
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information to help them identify most pests and information on the procedures of pest 
control and pest management (van den Ban and Hawkins, 1996). The brochure form of 
education saves time, work force, and a timely quick knockdown control of pests. 
Farmers vary in education levels as well as speed of comprehension of educational 
materials and therefore educating adult farmers should focus on farmers developing an 
insight to recognize the problems they can solve without help and those problems that they 
cannot handle on their own without help (van den Ban and Hawkins, 1996). According to 
van den Ban and Hawkins (1996), students in formal education have always been taught 
facts. This form of education is changing and learners are educated about where to find facts 
and how the learner can use this information to solve problems. In addition, as the saying 
goes, "Give a man a fish and he will eat for a day. Teach a man to fish and he will eat for a 
lifetime." Farmers are always keen to learn and to gain knowledge about new developments 
and technology, and many farmers in the developed world now know that they cannot 
continue to farm traditional ways like farmers farmed 20 years ago (van den Ban and 
Hawkins, 1996). Therefore, they keep themselves well informed and up-to-date with new 
developments in the cutting-edge agricultural production technology. 
Knowles (1970) reported that agricultural educators have an important role to play in 
promoting and facilitating the process of self-directed learning. Bird et al. (1995) indicated 
that farmers are eager to learn and to adopt new agricultural technology developed for them 
by agricultural research scientists but the major question that was identified in trying to adopt 
sustainable agriculture is whether the technology is profitable. Bird et al. (1995) believes that 
the situation in which sustainable agriculture farmers carry out food production is 
unprofitable. This makes it hard for these farmers to adopt new technologies in sustainable 
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agriculture and this is the reason why some farmers have not been keen in learning about 
sustainable agriculture (Bird et al. 1995). 
Duesterhaus (1990) have described sustainable agriculture in the Sustainable 
Agriculture Research and Agriculture (SARE) website http://www.sare.org as follows: 
Some terms defy definition. Sustainable agriculture has become one of them. In such 
a quickly changing world, can anything be sustainable? Sustainable agriculture has 
provided talking points, a sense of direction, and an urgency, that has sparked much 
excitement and innovative thinking in the agricultural world. The word 'sustain,' 
from the Latin sustinere (sus-, from below and tenere, to hold), to keep in existence or 
maintain, implies long-term support or permanence. As it pertains to agriculture, 
sustainable describes farming systems that are capable of maintaining their 
productivity and usefulness to society indefinitely. Such systems ... must be resource 
conserving, socially supportive, commercially competitive, and environmentally 
sound (Duesterhaus, 1990). 
During the UN Conference on Environment and Development, in 1992, a number of 
non-government organizations (NGO) drafted their own NGO Sustainable Agriculture Treaty 
(SAT) that states (NGO SAT, http://www.eco-labels.org): 
• Sustainable Agriculture is model of social and economic organization based on 
equitable and participatory vision of development, which recognizes the environment 
and natural resources as the foundation of economic activity. Agriculture is 
sustainable when it is ecologically sound, economically viable, socially just, 
culturally appropriate and based on a holistic scientific approach. 
• Sustainable agriculture preserves biodiversity, maintains soil fertility and water 
purity, conserves and improves the chemical, physical and biological qualities of the 
soil, recycles natural resources and conserves energy. Sustainable agriculture 
produces diverse forms of high quality foods, fibers and medicines. Sustainable 
agriculture uses locally available renewable resources, appropriate and affordable 
technologies, and minimizes the use of external and purchased inputs, thereby 
increasing local independence and self-sufficiency, and insuring a source of stable 
income for peasants, family, and small farmers and rural communities. This enables 
more people to stay on the land, strengthens rural communities and integrates humans 
with their environment. Sustainable agriculture respects the ecological principles of 
diversity and interdependence and uses the insights of modern science to improve 
rather than displace the traditional wisdom accumulated over centuries by 
innumerable farmers around the world (NGO SAT, http://www.eco-labels.org). 
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Statement of the Problem 
The researcher conducted training programs in Ethiopia for cooperative managers and 
promoters for five years between 1999 and 2003. While conducting these training programs 
the researcher observed from discussions with participants that the information gained by 
participants did not reach farmers at the grassroots. There were barriers blocking the passage 
of information from program participants to farmers. Use of the case study of Ethiopia could 
help to break barriers for such programs. From the experience of the researcher and 
information gained from participants during the training programs, we can use the case of 
Ethiopia to develop an adult educational model to break communication barriers preventing 
free flow of information. 
Agriculture plays a major role in the economic development of the Third World. 
Governments in the developed world and international development organizations put a lot of 
attention and a special focus on agricultural development in the poor nations of the world 
(FAO, 1986). Agriculture is being emphasized for increased food production to ensure food 
security and end hunger. Optimal land utilization and increased productivity is a main goal in 
agriculture development programs. Agriculture is also being viewed as a major factor for 
growth of all the economic sectors. However, agriculture could be sustainable, economically 
productive, environmentally sound and socially acceptable. 
According to the World Factbook (2003) website, Ethiopia is one of the poorest 
countries in the world and is still a long way behind most of the rest neighboring African 
countries. A major change is required in order to raise the standard of living of the Ethiopians 
who are among the world's poorest humans (World Factbook, 2003). Ethiopia depends on 
agriculture to feed its own people. Agriculture is the backbone of the Ethiopian economy. In 
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addition, the World Factbook (2003) (http://www.cia.gov/cia/publications/factbook) states 
that, "Ethiopia can grow all the crop types it needs but production is affected by drought and 
poor land stewardship in the production fields. Although food production has increased by 
0.5 percent every year on average, the population has been growing at 3 percent a year, 
resulting in nearly 75 percent of the population being food insecure." To reverse this trend, 
there is need to increase agricultural productivity of the small-scale peasant farmers. Farmers 
need to be made aware and to adopt better agricultural practices to boost food yields. 
Education is needed in agricultural practices because the population of Ethiopia 
engaged in agriculture is not very well educated and peasant farmers do not practice proper 
land utilization in a profitable manner (World Factbook, 2003). There is, therefore, a need to 
analyze educational programs and to come up with a good educational program to deal with 
problems in agricultural production. There are various training programs occurring in 
Ethiopia by multi-disciplinary global agencies. Among them is one that addresses sustainable 
agricultural practices for postharvest loss minimization and storage. While the researcher was 
conducting training programs in Ethiopia over a period of five years, a lot of information was 
gathered from participants, including cooperative managers and promoters working for the 
Ethiopian Cooperative Bureau. Participants shared concerns relative to the training programs 
in sustainable agricultural practices for postharvest loss minimization and storage. 
The substance for this study established itself in 2002 when the researcher realized 
from the information from participants that there were major problems in the delivery of 
education about sustainable agricultural practices for postharvest losses and storage. There 
appeared to be a need to develop a plan to address the situation in Ethiopia. An adult 
agricultural education model was needed to help remove the barriers in communication so 
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that information and knowledge gained by cooperative promoters, managers and extension 
agents can reach cooperative staff and farmers at the grassroots. This case study will address 
in detail the situation in Ethiopia as perceived by cooperative managers and promoters and 
develop an adult agricultural education model to address problems in the delivery of 
sustainable agricultural practices for postharvest loss minimization and storage. 
Purpose and Objectives of the Study 
The purpose of this study was to use a series of adult educational programs conducted 
in a developing country as a case study of adult extension education challenges and how 
these challenges could be met. The specific objectives of this study were to: 
1. Describe an adult education training program in sustainable agriculture in a selected 
country in Africa. 
2. Identify problems described by participants in specific areas of sustainable 
agriculture. 
3. Develop an improved adult agricultural education program model for the delivery of 
the technical information related to specific sustainable agricultural practices. 
Definition of Terms 
The following terms were defined by various original sources as referenced, and 
adopted for use in this study, and this researcher defined a few: 
Adoption process - "Changes that take place within individuals with regard to an innovation 
from the moment that they first become aware of the innovation to the final decision whether 
or not to use it" (van den Ban & Hawkins, 1996, p. 275). 
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Change agent - "A person who tries to stimulate change among people or organizations. An 
extension agent is an example of a change agent" (van den Ban & Hawkins, 1996, p. 276). 
Cooperative manager - A business manager of a cooperative society. 
Cooperative promoter - The agent from the Cooperative Bureau who is regarded as a 
regional manager in charge of a woreda, or a region with several cooperatives. 
Diffusion - "The way innovations spread among members of a social system" (van den Ban 
& Hawkins, 1996, p. 277). 
Extension - "A conscious communication of information to help people form sound opinions 
and make good decisions" (van den Ban & Hawkins, 1996, p. 277). 
Extension education - "A science in which strategic questions associated with the extension 
process are studied" (van den Ban & Hawkins, 1996, p. 277). 
Innovation - "Ideas, methods or objects that are considered new for the individual" (van den 
Ban & Hawkins, 1996, p. 279). 
Stakeholder - "People or organizations who can influence a certain issue or who are affected 
in any way by what is done and how it is done" (van den Ban & Hawkins, 1996, p. 284). 
Training - "Planned activities which support and improve individual and organizational 
performance and effectiveness, such as on-the-job training, career development programs, 
professional development activities or developmental assignments." 
(www.usdoj. gov/jmd/ps/ appendix 1 .htm). 
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CHAPTER 2. LITERATURE REVIEW 
The purpose of this study was to use a series of adult educational programs conducted 
in a developing country as a case study of adult extension education challenges and how 
these challenges could be met. The specific objectives of this study were to: 
1. Describe an adult education training program in sustainable agriculture in a selected 
country in Africa. 
2. Identify problems described by participants in specific areas of sustainable 
agriculture. 
3. Develop an improved adult agricultural education program model for the delivery of 
the technical information related to specific sustainable agricultural practices. 
A conceptual framework for this study was based on adult education principles. 
Literature has been extensively reviewed on sustainable agriculture, adult education, 
extension education and postharvest loss minimization. The following chapter is specifically 
focused on the following areas: 1) conceptual framework on adult education; 2) postharvest 
loss minimization; 3) sustainable agriculture; 4) role of agricultural extension; and 5) rural 
development and agriculture extension in Africa. This chapter serves to draw a connection 
between adult education practices and needs of farmers related to specific agricultural 
practices and their potential impact on rural and agricultural development in Africa. 
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Conceptual Framework 
A conceptual framework provides the foundation for the study. The conceptual 
framework of this study was based on adult learning principles and methodologies. Cranton 
(1989) saw the need for an organized delivery system to transfer knowledge and information 
of sustainable agriculture to producers, and therefore there is a need to understand adult 
education and how adults learn. Cranton (1989) further defined adult education as "any 
organized, sustained activity engaged in by adult individuals for the purpose of changing 
their knowledge, skills and values. A learner is any individual who engages in educational 
activities for the purposes of acquiring skills, knowledge, and values." (p. 4). 
Knowles (1980) emphasized the fact that adult learners have differences in their 
learning styles. Farmers develop self-directedness and independence when trying to solve 
problems. They also show differences in decision making at different rates and in different 
stages in their lives. Adult farmers once faced with a problem will try to understand it and 
then take action to solve it. Farmers observe and come up with ideas about that problem. 
Once farmers are faced with a problem, they try to make an analysis, identify the problem 
and then look for ways to solve it. According to Dewey (1938), farmers come up with 
alternative solutions and test them. Alternative solutions to the problem are tested and the 
farmer comes up with a right solution to solve the specific problem. In this process, farmers 
develop substantial experience and they become a learning resource for other colleague 
farmers. Farmers learn when they are faced by a crisis and then they perceive that they are 
facing a problem and this is when they start to learn. For example, some people believe that 
adoption of sustainable agricultural practices by some farmers in the 1980s in the U.S. A was 
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somewhat connected to the financial crisis that farmers faced sometime around that decade 
(Kotile, 1998). 
According to van den Ban and Hawkins (1996), education today emphasizes facts 
about the learners. Modern education is emphasizing how learners learn, think, recall, create, 
and solve problems. The world today is changing rapidly and faster than ever before. 
Agricultural and extension education professionals must keep abreast with the rapid changes 
occurring today because they play a major role in adult education. Alongside many changes, 
demographic changes in society are happening at a terrific rate around the world. 
Specifically, agriculture and rural development are being affected immensely by these 
changes. Therefore, there is a major challenge for adult educators to keep updated in order to 
keep abreast with these inevitable changes in a fast changing world (van den Ban & 
Hawkins, 1996). Participatory learning, experiential learning and discovery learning should 
be viewed as the basis for learning and meeting the challenges of change in adult education 
(Dewey, 1916,1938). There is need for increased training in participatory extension 
approaches, organizing farmers groups, needs assessment, evaluation, program planning, 
knowledge, information, communication and technology transfer (van den Ban & Hawkins, 
1996). 
According to Knowles (1979), learning is about change and on the process of learning 
learner acquires new habits, knowledge, and attitudes. When learners acquire these 
characteristics, they are therefore able to socially adjust and fit into the society. Change is 
part of learning and when change in behavior occurs, this shows that learning took place, and 
learning that takes place in the process of change is a learning process. Knowles (1979) 
described "learning as a change in an individual when he/she interacts with the environment 
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and this fulfills the learners' needs, which make them better and capable of dealing with the 
environment." (p. 350). Rogers (1983) described adult education as experiential learning. 
Experiential learning involves feelings and is a part of the learning process. Learning is self-
initiated, self-directed and involves discovery, reaching out, acquiring and comprehending. 
Learning outcomes include change in behavior, attitudes, and personality of the learner. 
Dewey (1938) believed that evaluation is within the learner. Dewey emphasized that learning 
can only have some meaning when it is evaluated by the learner who will know whether the 
learning is meeting their needs, providing the individual with what they want to know and 
gives an insight of what the learner is experiencing. Learning is only meaningful if it takes 
place. 
Adult education should be developed based on the learner's needs and interests 
(Dewey, 1938). Individuals tend to learn in different ways, which are related to the learner's 
experiences, interests, goals and needs. Adult learning is an active process whereby, 
according to Freire (1995), learners formulate ideas and concepts, which are based on the 
individual's current knowledge and past experiences. A learner selects and transforms 
information and then they make decisions (Murphy, 1997) and therefore learning is a 
process. Learning is a process of constructing meaning where a learner tries to make sense of 
the individual's experiential world (Dewey, 1938). Adult learning is learning based on 
experimenting and this type of learning has variables that can be measured, observed and 
manipulated. Adult farmers do experiments, manipulate them, make observations and finally 
come up with conclusions within their own settings and environments (Dewey, 1938). 
John Dewey (1938) philosophized that every learner can learn to think for him or 
herself, focusing their purposes, and cooperating with others to improve their own lives. 
Therefore, an adult learner looks for solutions with others and widens the horizons of 
personal interest to include and appreciate social interests of other individuals' ideas and 
experiences. Each adult learner in the learning process gains knowledge. A change agent, 
who introduces a problem and experience, becomes a learner himself or herself by 
experiencing other learners' views of experiencing the world. Dewey's theory of democracy 
implied that every adult learner could be a source and receiver of education when the 
individual is communicating and cooperating with others in the society. Everyone as a 
teacher and a learner therefore challenges and motivates individuals to believe in their own 
and others' contribution to the learning process in the society. Dewey's philosophical 
thinking highlighted the fact that there is no alternative that could be better than people 
working together, respecting individual differences, conversing, and sharing experiences of 
nature. 
According to Mezirow (1981), a problem that conflicts with an individual's 
experiences brings about learning. As adult learners are faced with such problems, they try to 
adjust and adult education begins at this point. Learning begins to take place and the learner's 
most valuable learning resource is the learner's experience. Knowles (1979) suggested that 
adults are motivated to learn based on the needs that they experience and the interests that 
learning will satisfy. Adult learning activities begin here. According to Rogers (1983), the 
ultimate educational purpose is to ensure personal growth. Adult learning is life-centered and 
adult learning should be based on life-situations and not subjects. Experience should be the 
richest resource for adult learning (Rogers, 1983). Adults are self-directing (Rogers, 1983), 
therefore, the role of the adult educator should be to get involved in joint inquiry with 
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farmers and to avoid handing down their knowledge and then evaluating whether farmers 
have conformed. 
Individual differences increase with age (Klinckmann, 1970). Adult education should 
therefore cater to differences in style, time, place, and pace of learning. Klinckmann (1970) 
emphasized the need for adult education to help each individual develop his or her own 
learning styles. Utilizing many teaching methods without dominating, and providing an 
environment for democratic participation should be the essence to adult learning (Dewey, 
1916). This learning process will help adult learners to accept responsibility for planning, 
implementation and evaluation of their own programs and activities based on their interests 
and needs. 
According to Bedar (1989), adult education should facilitate change in a society, 
support and maintain social life, increase productivity and promote personal growth for all. 
Adult education programs should assist and build communities that recognize and share 
common problems, and participate together in solving problems (van den Ban and Hawkins, 
1996). According to Dewey (1938), life-long education should provide individuals in society 
with opportunities to adopt to change and to participate in change and innovation. Life-long 
education is part of the community and its goal is to maintain and improve the quality of life 
(Dewey, 1938). This encourages adults to learn and with a major purpose of improving life. 
A farmer in sustainable agriculture needs to know crop production, yield improvement, pests, 
diseases, and weed control to increase income, which is a source of motivation. Farmers need 
fully participate in designing educational programs that will cater for their own needs and 
programs that farmers can easily adopt and innovate (Rogers 1995). 
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Training programs for producers could be developed and designed to create a 
knowledge base where farmers make good decisions. Brookfield (1986) emphasized that 
facilitators should help learners meet needs based on the needs identified by the learners 
themselves. Galbraith (1990) highlighted needs assessment to be conducted to gain an insight 
on what farmers need in order to learn sustainable agricultural practices. Educational 
programs should make correct sustainable agriculture information available to producers. 
Program developers must identify what information the farmers need by carrying out needs 
assessment. Educational approaches can then be identified to facilitate the program 
development in sustainable agricultural education programs. 
Murphy (1997) argued that no two people learn the same way and at the same pace, 
hence increasing and varying teaching methods will increase behavioral change of learners, 
which is an indicator that learning has taken place. Adult educators also vary in many 
characteristics such as learning styles, teaching styles and different personalities. Therefore, 
learning and teaching processes for adult farmers in sustainable agricultural practices need to 
be based on these differences in both learners and facilitators. This will help to develop a 
sustainable agricultural education program that will cater to increasingly diverse adult 
learners and to help individuals develop their own learning styles (Murphy, 1997). In 
sustainable agricultural education programs, use of many teaching methods interchangeably 
is needed to meet the challenge of diversity and changes occurring in adult sustainable 
agricultural education. Program delivery, professional development, presentation and 
learning experiences should be based on the learning styles of learners and therefore multiple 
instructional methods for adult learners in sustainable agriculture must be adopted which 
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include, discussion, problem solving, team teaching, experiential learning, and participatory 
learning (Rogers, 1983). 
Extension and farmers can initiate field days, workshops, on-farm trials, 
experimentation and demonstration as well as organized farm tours. Farmers adopt 
agricultural practices after they deeply analyze all available options based on assumptions, 
beliefs and values. This way the farmers become more reflective and are aware of the 
consequences of the decisions that they make (van den Ban and Hawkins, 1996). Farmers 
make decisions based on what is best for their situations and they will not adopt technology 
that will not help them out in solving problems to improve their situations. Adults learn from 
each other through observation. Farming techniques of one farmer could influence another 
neighbor farmer. The farmer may adopt the technology after observing and talking with the 
neighbor farmers and others who have knowledge about the new technology. Extension 
system can play a major role in facilitating this learning process by organizing field days, 
tours, field demonstrations, on-farm trials and experimentation that are in the farmer's 
interests and needs (van den Ban and Hawkins, 1996). Once this teaching process is initiated, 
it is easier for extension to transfer knowledge to farmers through direct interactions. Farmers 
learn more this way and are also motivated because experiences in their own fields are being 
used in the learning process and they are not just listening passively to the extension expert to 
hand them information top-down (van den Ban and Hawkins, 1996). 
In adult education, information given to farmers must be accurate, easy to 
comprehend and evaluated to see if it is meeting the farmer's interests and needs. The role of 
adult education should be viewed as to help producers gain confidence in adopting 
appropriate innovation and technology and to help them make their own decisions about 
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sustainable agricultural practices for postharvest loss minimization. Adult education should 
help farmers make wise decisions and should help them learn more about sustainable 
agricultural practices for postharvest loss minimization. Adult education should also open up 
all educational channels and make information on sustainable agricultural practices for 
postharvest loss minimization available to all farmers. 
Postharvest Losses 
World population is increasing very rapidly especially in the Third World and this has 
resulted in increased demand for food in the developing nations of the world (FAO, 1986). 
According to Agrios (1998), postharvest losses occur on plant produce or plant products 
during harvesting, grading, packing, transportation and storage. Postharvest losses are caused 
by diseases, insects, rodents, fire, floods, pilferage, spillage, floods, spoilage, accidents, 
shelling damage, rain and sun among others. Postharvest losses are important as they affect 
quantity, quality and toxicity of plant produce and plant products. It has been reported that 
10-30% loss of total produce yield occurs in the developed world and 30-50% occurs in the 
Third World (Agrios, 1998). Up to a 70% loss in horticultural crops has been reported in 
Egypt (Martinson, 2000, personal communication). The population in the Third World 
countries is increasing which will result in increased quantity demand for food. The quality 
of plant produce and plant products reduces marketability even when it is safe to eat just by 
appearance of for example lesions, insect bites or mold. Toxicity is a health problem to both 
humans and animals because mycotoxins from spoilage and rot can contaminate food and 
can be toxic (Munkvold et al., 1997). 
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Mullen (1996), Agrios (1998), and Munkvold et al. (1997) documented that cereals 
and legumes may show symptoms of diseases that had started in the field but remained latent 
and unseen to the naked eye. Cereals and legumes may be exposed to environmental 
conditions, treatments or handling that is harmful. These exposures may impair the crop or 
produce appearance and food value. Cereals and legumes may also be subjected to conditions 
that make them favorable for attack by other microorganisms that cause rot. These 
microorganisms also secrete toxic substances that make the crop or produce unfit for human 
or animal consumption. Nutritional value and sale value for attacked produce is also reduced. 
Postharvest rotting of cereals and legumes is very common all over the world and losses 
caused by postharvest rotting are quite large especially in the Third World. Such losses occur 
primarily at the large bins, silos, stores, warehouses, wholesalers, manufacturers, 
supermarkets, fridges at home, refrigerated trucks and are not often observed by people (ISU 
Extension, 2002). 
Agrios (1998) and Munkvold et al. (1997) emphasized that postharvest molding and 
decay are very common and quite extensive, and very often, damaged produce has to be 
dumped even when it is fit for consumption by animals or humans. Postharvest diseases of 
cereals and legumes also result in reduced biological reproduction in animals and humans 
through infectious microorganisms producing toxic substances or mycotoxins that are 
poisonous. 
Only a small number of ascomycetes, fungi, oomycetes, zygomycetes, 
basidiomycetes and bacteria (Munkvold et al., 1997) causes postharvest diseases. Maize ear 
rot and storage mold occur every year in maize all over the world. These diseases are causing 
serious concerns all over the world in maize production. They are causing major losses in 
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quantity, quality and health risks from consumption of moldy infected grain with 
mycotoxins. Many fungi are present in maize and some but not all are toxigenic. Since there 
are major losses in yield, quality and contamination that is toxigenic, it is imperative that we 
learn to identify ear rot and storage mold, and to have some knowledge of their toxigenic 
properties to avoid disease or death for animals and humans (Munkvold et al., 1997). 
Environmental and genetic factors influence the occurrence of ear rot and storage molds all 
over the world. Rots and molds in cereals and legumes occur both in the field and in storage. 
Production and handling of cereals, legumes and other produce have detrimental effects on 
susceptibility to mold, rot and toxigenic effects (ISU Extension, 2002). 
Sustainable Agriculture 
According to Francis and Carter (2001), sustainable agricultural educators must have 
correct and relevant information as well as up-to-date teaching methods in sustainable 
agriculture. Teaching sustainable agriculture should focus on social, economic, and 
environmental issues. Francis and Carter went on to emphasize that everyone involved in 
sustainable agriculture should play both roles as a teacher and as a learner. Workshops, 
planning, evaluation, training, material distribution, and information have been used and 
have reached many people in the United States and several other countries around the world. 
Evaluations that have been carried out during the sustainable agriculture training sessions 
have revealed that most important topics include planning, learning activities, economics, 
constraints of adoption, resource materials and information. However, learning goals must be 
clear, and sustainable agricultural programs need to be designed to meet people's needs and 
interests (Francis and Carter, 2001). 
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Educators in sustainable agriculture must embrace innovative learning methods and 
should avoid just using slide shows and lectures (SARE, 1997). On-farm training is one very 
important method in the learning process. Discussions and group learning should be 
emphasized and should be part of the learning process. Evaluations should be a fundamental 
part of the sustainable agriculture educational programs. For example, "From the Ground 
Up" is a video and teacher's guide developed in Manitoba and is used across Canada (Turner, 
2002). All sustainable agricultural learners (Turner, 2002) should conduct sustainable 
agriculture educational programs based on the environment through hands-on training. In the 
words of one Iowa farmer, "sustainable agriculture is a journey rather than a destination." 
Now, sustainable agriculture programs are being developed and therefore opportunities are 
open for improving and innovation of the programs. Sustainable agriculture must safeguard 
and ensure life for future generations by conserving natural environment, renewable and non­
renewable resources, soil, water and air. Farmers, agribusiness representatives, educators, 
youth, and community leaders must work together in sustainable agriculture (Turner, 2002). 
Education in sustainable agriculture is transfer of knowledge in a problem-solving 
process that should provide feedback and with the role of a change agent as facilitator 
(SARE, 1997). Adult education must facilitate change, social order, productivity and 
personal growth. Adult education should build and develop communities that will identify 
and solve problems together and as a community. Some farmers in Iowa belong to an 
organization in sustainable agriculture where they conduct on-farm trials and share 
information and knowledge (ISU Extension, 2002). Judgments on any success or failure of 
the program are made by farmers themselves based on their own experiences, information 
from their colleague farmers, friends and extension specialists (SARE, 1997). Agricultural 
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education should provide information, knowledge and skills of a "real world" by using 
change agents who have good communication skills and are knowledgeable in order to give 
correct information. Extension should organize practical demonstrations and on-farm trials 
about sustainable agricultural practices that meet the needs of farmers and help them make 
informed decisions as well as provide correct sustainable agriculture information to all 
farmers (SARE, 1997). 
Francis and Youngberg (1990) highlighted that the world was already experiencing 
"environmental crisis." Communities are now interrelated through a global world order and 
all activities local, national and international have become highly interactive and all our 
activities are affecting others without exception (Francis and Youngberg, 1990). 
Environmental problems have crossed all borders. Species and structures are interacting in 
many unclear forms, the product of which is unknown. Knowledge has increased 
tremendously. Social and environmental interactions have become global and global issues 
have become even harder to deal with (Francis and Youngberg, 1990). 
The goal of sustainable agriculture education is "to bring an ecological perspective in 
trying to understand agriculture that relates to plants, animals, and insects and their 
interactions in agro ecosystems, ensuring economic productivity that meets the needs of 
community" (SARE, 1997, http://www.sare.org). Use of harmful farm chemicals to humans 
and ecosystems is a big issue today and their use need to be minimized. Crop genetic 
diversity that prior has been lost should be restored and maintained. Productivity that ensures 
profits and economic success need to be promoted (Youngberg et al., 1989). 
According to Wagner (1999), in the past 15 years, sustainable agriculture has evolved 
from small farms of low-input organic farming for fruit and vegetable production or "Low 
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Input Sustainable Agriculture," to the large-scale conventional animal and plant production 
agriculture. Conservation of the natural resources, environmental quality, and sustainable 
productivity has been promoted in all types of farms (SARE, 1997). Use of Geographical 
Information Systems technology for variable rate application of farm inputs such as seeds, 
fertilizers, pesticides, and herbicides is a new technology innovation with the goal of 
reducing use of inputs to protect our environment, and ensure economic profitability for all 
producers (SARE, 1997). This Geographical Information Systems technology is also being 
used to deal with animal pests and diseases to "map out regulatory, control, high risk sites for 
animal production." (SARE, 1997, http://www.sare.org). Integrated pest management 
techniques are widely used in modern day agriculture of crop and animal production. Pest, 
disease and weed management by use of other alternative strategies reduces application of 
excess pesticides which eventually find their way to our environment particularly air and 
water catchments. The U.S. Department of Agriculture has established a "Sustainable 
Agriculture Research and Education" (SARE) program, which is developing alternative 
strategies for solving problems in animal and plant production agriculture (SARE, 1997). 
The Role of Agricultural Extension 
The aim of agricultural educators should be to help farmers reach their goals through 
use of different strategies, van den Ban and Hawkins (1996) stated that one such strategy is 
to give timely advice to farmers and to make them aware of the problem that they are facing. 
The educator should give farmers alternatives and options to choose. They should let the 
farmer know of the consequences of each alternative and option. Educators should help 
farmers identify goals and help them make decisions as individuals or as a group. Educators 
26 
should help farmers learn from experience, experiments, colleagues and friends and should 
aim to open up channels for exchange of information (Leonard, 1977). Farmer education 
varies in many parts of the world. In the United States, extension education is a program in 
adult education. In Europe, the role of extension is to help farmers solve problems (van den 
Ban and Hawkins, 1996). They are more interested in changing farms and are not changing 
the farmer. In the developing countries, the role of extension is to promote quick adoption of 
modern agricultural technology such as use of fertilizers and pesticides to ensure food 
security. Yield increase is the major goal of extension in the Third World due to increasingly 
growing populations. Farmers are also considered backward and traditional. Farm 
productivity and increased food production can be achieved by educating farmers. Farmers 
should be educated on how to identify and solve problems and problem solving process (van 
den Ban and Hawkins, 1996). 
The role of agricultural extension is changing and a major goal is to increase food 
production because the demand for food is increasing particularly in the Third World where 
most poor people reside. An effective agricultural extension program is critical especially in 
the Third World, van den Ban and Hawkins (1996) however stated that many problems affect 
the efficiency and effectiveness of agricultural extension. Appropriate technology based on 
the needs of farmers is not available. Effective linkages between extension and agricultural 
research institutions are missing. Field workers and specialists do not have adequate practical 
training in agricultural technology. Extension personnel are not well educated in extension 
methods and communication skills. Transportation is unavailable in most cases for extension 
agents to meet and reach farmers in their local rural settings. Teaching aids, demonstration 
materials and communication equipment are not available to many extension workers. 
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Extension workers also have to deal with many other tasks apart from their usual daily 
extension work (Benor and Baxter, 1984). 
Antholt (1994) suggested that the role of agricultural extension is to help farmers 
make good decisions by use of proper communication skills and to provide information that 
is based on farmers' needs and interests. Opinions and decisions made by farmers are based 
on reality in their lives and the consequences of their actions. Antholt (1994) also suggested 
that extension need to help farmers come to terms with reality hence farmers become 
empowered and feel more control over their lives. In the past, extension's role was to transfer 
new technologies from researchers to farmers. Today, the role is a process of helping farmers 
to make their own decisions. A range of options must be provided and farmers can chose and 
develop an insight for the consequences of choosing any option (van den Ban & Hawkins, 
1996). Farmers seek information from extension, their own experiences and their colleagues 
or neighbors. They learn from their own experiences, observe other people's activities, talk to 
people and think about information. Extension should promote, enhance and supplement this 
learning process (van den Ban & Hawkins, 1996). 
Rollins, (1993) suggested that adoption of new ideas and practices by farmers is 
influenced by the decision whether to adopt innovation, benefits of the innovation, 
communication, nature of the adopter and the effort put by the adopter. Extension need to 
play a role of facilitating new ideas and practices and to influence the rate of adoption. To be 
effective, extension needs to understand their clients. Rollins went on to suggest that some 
variables however influence adoption of innovation by farmers that included socioeconomic 
factors, personality and communication. Earlier adopters have a great empathy with 
extension agents and they meet quite frequently with the agents as opposed to later adopters 
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who are the opposite. This is related to Rogers and Shoemakers research that categorized 
adoption of innovation as laggards, late and early majority, early adopters, and innovators. 
Rollins (1993) suggested that individual differences such as age and education 
contributes and has an influence in adoption of technology. Rollins research also suggested 
that many farmers prefer to learn by doing whereby farmers are involved in active 
experimentation or demonstrations. An extension agent in this case is considered a role 
model to show farmers how to carry out an activity. The agent is a coach or helper and 
should care about farmers feelings ensuring discussions and feedbacks. Diversity has its own 
strengths and extension need to diversify their teaching methods in order to satisfy producers 
with diverse learning styles and needs. Extension educators need to be flexible in order to 
cater for the diverse clientele with differences in learning styles. 
Changing roles of extension personnel need to focus on farmers' problems and to 
help farmers solve their own problems (Benor and Baxter, 1984). Extension personnel need 
to look at problems on a farmer's point of view. Benor and Baxter (1984) suggested that 
extension agents need to be able to empathize with farmers. It is more important for the 
extension personnel to be a good listener and a good speaker, van den Ban and Hawkins 
(1996) contend that extension could help farmers find their own solutions other than trying to 
solve problems for them. Farmers are motivated to implement their own solutions. Past 
experiences influence farmers a lot. Farmers integrate new information with past experiences 
in solving problems. Integrating past experiences with new information can help farmers in 
the change process. Farmers do not adopt innovations at the same rate and therefore opinion 
leaders should be used to influence laggards indirectly and extension should use them in the 
transfer of new technology and innovation. A feedback system is very important for 
communication and it should be provided (van den Ban and Hawkins, 1996). 
van den Ban and Hawkins (1996) suggested that extension personnel should take 
audience reactions in meetings, field days and other forums seriously. Evaluation of 
extension programs and feedback should be viewed as a corner- stone in implementing and 
developing of extension programs. They also help in determining the effects, results and 
impacts of effective extension programs. Crop and livestock production, farming business, 
agricultural development, farmers and the way they learn, rural community and rural 
development are important topics that all extension personnel should be endowed with in 
order to help farmers effectively. 
Rivera (1988) suggested that there was a trend towards private sector extension, 
which will raise the question of economic viability. There is the question of backing a single 
model of extension versus specificity depending on the situation. Linkage and systems, 
interdisciplinary systems and interdependence in technology is a major concern in research 
and extension. In Third World countries, Rivera suggested that the private sector is interested 
in low-risk, high-yield extension that is not efficient to develop the rural agricultural sector. 
Rivera (1989) suggested that three issues unless taken care of might cause the death 
of extension. Among the issues, institution attack over the funding of public extension was a 
major issue, misunderstanding over which extension model should be adopted, and 
disagreements over the lesson learnt from extension. In order for extension to survive, every 
situation needs to be viewed differently, and extension models need to be adopted depending 
on a specific situation. Economic sustainability for extension need to be ensured. Finally, 
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extension needs to be sensitive and flexible to change in technology and diversified needs of 
farmers that they serve. 
Rural Development and Agricultural Extension in Africa 
Many farmers in Africa do not benefit from technology and innovation. Agricultural 
productivity has remained the same or gone down. Education, research and extension are 
lacking. Markets for inputs, products and credit are poorly organized. A team of technical 
experts from F AO and World Bank are working on agricultural education, research, 
extension and rural development. Rural populations and institutions are working together to 
develop technology, knowledge and information. Farmers, agricultural educators, researchers 
and extension are working together to share knowledge and information from different 
sources to improve food production and rural livelihoods. The Agricultural Knowledge and 
Information System (AKIS) supports farmers in obtaining knowledge and information 
through networks, linkages, and institutions by "engaging in generation, transformation, 
storage, retrieval, integration, diffusion and utilization of knowledge and information" (van 
den Ban and Hawkins, 1996, p. 25). Farmers use different sources of knowledge and 
information ranging from research institutions and many other sources. Flow of information 
from farmer-to-farmer, researchers, institutions and government is important as well as 
feedback and evaluation. However, many times in Africa the system is top-down and 
extension is not efficient and effective, van den Ban and Hawkins (1996) described the role 
of agricultural education as "changing our society." Agricultural development policy in 
Africa is to increase food production to cope with the increasing demand for food created by 
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population explosion. However, can this be sustainable? An effective and efficient 
agricultural extension is lacking and is critically needed in such a situation in Africa. 
Human resources in agricultural and rural development are very important. World 
food security emphasizes the right for all to have "safe, nutritious and enough food" which is 
a basic right for all humans to be free from hunger (FAO, 2000). Human resource 
development is critically needed in Africa in order to promote food security, eradicate rural 
poverty and improve rural livelihoods through agricultural extension education and 
communication. 
In Tanzania, several constraints limit implementation of agricultural extension 
programs, which include lack of credit to farmers, inefficient input supplies, postharvest 
losses, infrastructure and lack of government support for extension by not providing 
transportation, material and equipment among others (Mero, 1998). 
In Ethiopia, Gebre (2001) reported that agricultural extension has been affected by 
various changes of government system from monarchy to socialism to democracy bringing 
about an inconsistent growth and development of the extension program. Sasakawa-Global 
2000 Agricultural Program has been instrumental in trying to bring about fundamental 
changes in Ethiopian national extension service. The organization works with agricultural 
researchers, extension and producers at the grassroots. Gebre claims that in the 1990s maize 
production has increased in Ethiopia due to efforts from Sasakawa organization, agricultural 
research, extension work and producers at the grassroots. The same period in the 1990s to-
date, extension program in Ethiopia has been growing in the field of agricultural production. 
According to Welch (2000), extension workers and facilitators need to recruit poor 
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farmers in Africa to participate and take part in the development process of rural livelihoods. 
They should strive to engage farmers in proper seed production by using locally available 
technology, timely land preparation, planting, weeding and harvesting. Farmers in Africa are 
more likely to participate in activities that meet their needs. Extension in Africa should firstly 
determine farmer's priorities, problems, aspirations, interests and needs. Farmers are likely to 
participate in agricultural programs if they can perceive direct, immediate, material benefits 
and profit. Inputs, technical help and credit need to be provided in order to engage farmers 
and help them participate in programs (Welch, 2000). 
Kenmore (1996) suggested integrated production and pest management (IPPM) for 
rural livelihoods in order to alleviate the problem of pollution through pesticides, fertilizers, 
waste management, and soil erosion. However, constraints are numerous in addressing and 
solving these problems in Africa and they include lack of knowledge and information on 
pesticides and fertilizers, lack of access to safe inputs and appropriate technology, overuse or 
use of low doses of pesticide chemicals affecting their own lives and other species. Proper 
crop production using diversified crop varieties, affordable environmental friendly inputs, 
soil fertility management, better ecosystem management, and farmer education are 
recommended for small-scale farmers in Africa in order to improve rural livelihoods in 
Africa (Kenmore, 1996). 
Sustainable livelihood approach has been suggested by Dilts (1999) that emphasize 
development of technical skills, group and community engagement in place of traditional 
top-down extension education. Technology transfer or message delivery should be engaged 
in a participatory extension education program. Indigenous and traditional knowledge, 
research, ecology, social and economic approaches are integrated together so that rural 
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communities are part and parcel of an extension educational process and have control on 
content, relevance, quality and methodology (Dilts, 1999). Farmers in Africa therefore, 
should not be viewed as "receptors" or "contact target" for extension but as partners in 
building rural communities to improve their own livelihoods as equal participants. 
Summary 
Literature has been extensively reviewed on the conceptual framework for this study 
that was mainly based on adult education principles. This review has attempted to draw a 
connection between adult and extension education and the needs of farmers in key areas of 
agricultural practices in Africa for example postharvest losses and sustainable agriculture. 
This literature review provided a direction for the study on "Training programs in sustainable 
agriculture for postharvest loss minimization and storage: A case study in Ethiopia." The 
literature revealed that postharvest losses are a major problem especially in the Third World 
where the majority of world's poorest people reside. Postharvest losses are important as they 
affect quantity, quality and toxicity of plant produce and plant products. The population is 
increasing which will result in increased demand for food. 
Many agricultural development policies in Africa are to increase agricultural 
production to cope with the increasing demand for food and poverty created by population 
explosion and poor governance among other factors. However, van den Ban & Hawkins 
(1996) wondered how this can be sustainable? An effective agricultural extension system is 
lacking and is critically needed in such a situation in Africa. To develop an effective 
educational program, sustainable agricultural practices for postharvest loss minimization and 
storage, adult learning, agriculture extension, rural development and extension education in 
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Africa were explored. Agricultural education should provide knowledge and skills of a "real 
world" by use of change agents who are knowledgeable and have good communication skills. 
Extension should organize practical demonstrations and on-farm trials about sustainable 
agricultural practices that meet the needs of farmers. Extension should help farmers make 
informed decisions and make sustainable agriculture information available to all farmers 
(SARE, 1997). 
World population is increasing more rapidly in the Third World. This results in 
increased demand for food in the developing nations (FAO, 1986).This study is unique and 
significant in that postharvest losses and storage in many countries in Africa as in Ethiopia 
have not been brought to the forefront when dealing with food security issues in the Third 
World yet they are significant. There is, therefore, an immediate need to develop educational 
programs in sustainable agriculture for postharvest loss minimization and storage based on 
the needs of the farmers. It is also important to discover any barriers that may impact the 
development of these educational programs. 
Research Questions 
The following research questions formed the basis for this study: 
1. What are the existing adult education training programs in sustainable agriculture 
being used in Ethiopia? 
2. What are the current problems farmers in Ethiopia are facing in sustainable 
agricultural practices for postharvest losses? What issues and concerns do these 
agriculturalists have in this situation? 
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3. What is an example of a training program that could be used by agricultural leaders in 
an African country? What can be learned from this situation to help form a program 
model for education? 
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CHAPTER 3. METHODS AND PROCEDURES 
The purpose of this study was to use a series of adult educational programs conducted 
in a developing country as a case study of adult extension education challenges and how 
these challenges could be met. The specific objectives of this study were to: 
1. Describe an adult education training program in sustainable agriculture in a selected 
country in Africa. 
2. Identify problems described by participants in specific areas of sustainable 
agriculture. 
3. Develop an improved adult agricultural education program model for the delivery of 
the technical information related to specific sustainable agricultural practices. 
Data Collection 
The location of the case study was Ethiopia in East Africa. According to Ary et al. 
(2002), qualitative inquiry handles descriptive data of words describing, "People, events, 
places and conversations" and sometimes-numeric data to a lesser extent. Data thus collected 
are participants' "perspectives" and "experiences" (Ary et al., 2002, p.425). A basic 
interpretive study format was used to reveal the participants thoughts, feelings, interests, 
perspectives and experiences in handling adult agricultural educational and training programs 
in Ethiopia. The case study was geared to understand the current situation in adult 
agricultural education in Ethiopia and how participants make sense of their interests, their 
experiences and those of the farmers that they serve. The information in this study is based 
only on participants of the training programs who included cooperative managers and 
promoters and six farmers visited at their homes during field visits. 
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Training programs were conducted between 1999 and 2003 in the cities of Nazret, 
Bahir Dar, and Modjo located near Nazret (Figure 2). Participants were cooperative 
promoters and managers who represented several political regions of Ethiopia. 
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Figure 2. Major cities of Ethiopia (http://www.maps-of-the-
world.com/mappages/Ethiopia_map.htm) 
The political regions represented included Addis Ababa, Oromia, Amhara, Afar, Somali, 
Harari, Benishangul and Gambela Regions (Figure 3). The number of participants in each 
training session ranged from 20 to 35 participants and their educational levels were high 
school, community college, university graduates and a few masters' degree holders. The 
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actual training was designed for two to three weeks and prior to the training, one week was 
spent on familiarization field trips to the farmers' fields and cooperative stores. 
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Figure 3. Political regions of Ethiopia (http ://flagspot,net/flags/et(.html) 
The study focused on Ethiopian cooperative promoters and managers who had been 
receiving training on postharvest loss minimization of crop, produce, and store management 
between 1999 and 2003 in Ethiopia. Given this requirement, the participants in the study 
included only cooperative promoters and managers in the cooperative movement in Ethiopia 
because they participated in the training programs. The democratic government of Ethiopia is 
currently initiating cooperatives and the participants for this study were among the pioneer 
39 
cooperative managers and promoters from some regions of Ethiopia where cooperatives were 
being initiated. 
Many years of instability rendered cooperatives dysfunctional until recently when a 
democratic government came to power in the 1980s. Cooperatives in Ethiopia are therefore at 
a nascent stage. Most of them were recently restructured and reorganized to meet the free-
market business standards. Field visits and discussions however revealed that they lack basic 
farm inputs and produce handling skills. The major constraints included inadequate or poorly 
constructed warehouses, lack of knowledge in identifying losses, lack of knowledge in 
minimizing storage losses and a low capacity in pesticide application and other chemical use 
programs. 
Based on needs assessment and field studies by Ethiopian government and donor 
agencies, important and immediate training needs were identified and experts were recruited 
to carry out the programs. The training programs covered major topics in defining 
postharvest losses and why and how they occured, postharvest loss assessment techniques, 
postharvest loss minimization techniques, grain handling, packaging and transportation, 
handling grain in storage, and handling damaged grain. Other important topics covered 
included store types and use, store construction, stock control principles, storage equipment, 
produce handling, measuring store capacity, economic use of storage, store safety, 
procedures of piling produce, and pest proof construction of stores. 
Training programs were conducted through lectures, group discussions, presentations 
and field trips to cooperative stores and individual farmer's fields. Teaching resources used 
included overhead projectors, video recorder, video tapes, overhead projected slide shows, 
pictures, and overhead projected transparencies, laptop computer, power point presentations, 
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and audio tapes, handouts, course packets, list of references, flip charts and diseased samples 
of produce such as potatoes, tomatoes, bananas and com ears. Various storages, which 
included farm gotera and gota (bins) and cooperative stores, were viewed and analyzed 
during the field trips to the cooperatives and individual farms. Participants identified 
problems and concerns during the training programs and all the information gathered in these 
training programs was used for data analysis of the case study. At the end of each training 
program, a final report was prepared and submitted to the host organizations. Information 
from these reports was also used for data analysis of the case study. 
Cooperative managers and promoters work under and are employees of the Ethiopian 
Cooperative Bureau Department that pays their salaries. Their job is to organize and manage 
cooperatives. Managers and promoters provide inputs such as seeds, fertilizers, 
agrochemicals and small farm tools for farmer members through their cooperative stores. 
Farmer members pay a membership fee to join the cooperative. The managers and promoters 
also oversee proper grain production, storage, handling, processing, and marketing for 
farmers, small traders and emergent agribusiness. 
A total of 90 managers and promoters received a questionnaire for this study. The 
researcher and training coordinators from the donor agencies distributed questionnaires to the 
participants. Participants were handed the questionnaire during the second week of October 
2002. A second batch of questionnaires was handed to participants during the final week of 
November 2002. Ninety questionnaires were distributed to cooperative managers and 
promoters. The researcher and coordinators from donor agencies ensured that participants 
responded and all ninety questionnaires were received back from participants and were 
employed for qualitative data analysis of the case study. 
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The training programs had been going on over a period of five years (1999-2003) in 
different regions of Ethiopia and there was need to determine whether there was an impact on 
farmers from the training programs on postharvest loss minimization of crop and produce, 
storage and maximization of food production. Therefore, a survey was conducted and six 
farmers were visited in their homes and interviewed. 
The process of model development began soon after the researcher realized that there 
was a lack of clear avenues for the delivery of the information gained to the grassroots 
beneficiaries. In addition, there were many providers of the training programs and it was not 
clear whether the information was reaching the targeted audience. Experts with different 
backgrounds and experiences carried out training in multiple program areas providing useful 
information needed at the grassroots for cooperative and agricultural development. 
Participants were provided with basic concepts of postharvest loss minimization 
techniques and storage. The participants would then in turn pass their newly acquired skills 
to cooperative workers, members of cooperative boards of directors who will in turn help in 
the delivery of information to farmer members at the grassroots. The farmer members would 
gain knowledge and skills in postharvest loss minimization and storage and benefit from the 
improved and efficient management capacity of their cooperatives. Cooperatives on the other 
hand would become business oriented, providing farmers with an improved access to farm 
inputs and farm produce markets, make them participatory and enable them to promote 
sustainable agriculture through timely and effective delivery of agricultural inputs and farm 
produce. 
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Data Analysis 
Qualitative data analysis of the situation was conducted by using open-ended 
questions grouped by important themes. Classroom group discussions and presentations 
where participants described experiences from their regions of operation also provided vital 
information for qualitative data analysis. Field trips provided information through the 
critiques made on existing storage and critical discussions on improved storage both at the 
cooperatives and farmers' fields of production. At the end of each training program, a final 
post-training report was written for the host organizations and information on those reports 
were also used for qualitative data analysis. 
Limitations of the Study 
The study has the following limitations: 
1. The information from this study was limited to Ethiopian cooperative managers and 
promoters involved in educational workshops. 
2. The audience in this study was involved in a motivating experience. This fact could 
influence the comments of participants. 
3. The study was limited to the degree to which the cooperative managers and promoters 
in the study interpreted sustainable agricultural practices, postharvest losses and 
storage, which were thought to be important. 
4. The researcher accepted 90 responses as credible based on the few functional 
cooperatives in Ethiopia. 
5. Limited quantitative data were collected but this information did not form the focus 
of this study, although it is represented in the appendix. 
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CHAPTER 4. FINDINGS 
The purpose of this study was to use a series of adult educational programs conducted 
in a developing country as a case study of adult extension education challenges and how 
these challenges could be met. The specific objectives of this study were to: 
1. Describe an adult education training program in sustainable agriculture in a selected 
country in Africa. 
2. Identify problems described by participants in specific areas of sustainable 
agriculture. 
3. Develop an improved adult agricultural education program model for the delivery of 
the technical information related to specific sustainable agricultural practices. 
Information and knowledge about sustainable agricultural practices for postharvest 
loss minimization and storage did not appear to reach most farmers in Ethiopia. Participants 
described extension workers as busy collecting taxes for the government rather than helping 
farmers learn sustainable agricultural practices and food production. Cooperative managers 
and promoters acknowledged that many barriers blocked the flow of information gained in 
the training programs to the grassroots farmers. Poverty, limited knowledge resources, 
infrastructure, poor government land policies, drought and starvation were some limiting 
factors to the adoption of sustainable agricultural practices for postharvest loss minimization 
and storage. 
Cooperative managers and promoters recognized the fact that there was need for 
educational programs to provide technical information regarding sustainable agricultural 
practices for postharvest loss minimization and storage. Respondents regarded sources of 
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information from schools and colleges, on-farm demonstrations, field days, seminars, 
workshops and visits to other successful cooperatives as the most useful sources in 
agricultural education programs and yet they were not provided. Cooperative managers and 
promoters gained useful information and knowledge that could be used to train staff in 
cooperative stores and farmer leaders who would in turn help to train farmers at the 
grassroots. However, there were many barriers blocking any useful communication of this 
information gained through the training programs. Managers and promoters gain information, 
knowledge on sustainable agricultural practices for postharvest loss minimization and storage 
and trained cooperative promoters and managers would in turn use this information and 
knowledge to train and help producers make informed decisions to deal with postharvest 
problems and storage, and this does not happen. 
This chapter includes reports of training programs conducted in Ethiopia and the 
findings obtained through continuous qualitative data analysis of field notes transcribed from 
cooperative managers and promoters. Some quantitative data were collected and are 
summarized in selected tables in the appendix. Four themes capture the nature of this case 
study with cooperative managers and promoters in Ethiopia: (a) demographics, (b) 
description of the adult education program in sustainable agriculture in Ethiopia, (c) 
identified problems in postharvest loss minimization and storage in Ethiopia, and (d) 
designing an adult agricultural education program model for the delivery of the technical 
information. 
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Demographics 
This section describes the demographic characteristics of respondents based on the 
quantitative data that are summarized in selected tables in the appendix. Ninety 
questionnaires were handed to respondents and ninety usable questionnaires were received 
back with comments, views, suggestions and answers to questions. These responses were 
used for content analysis in the case study. Respondents described field experiences from 
their respective rural communities that they served in Ethiopia. This information was used for 
qualitative data analysis. Information transcribed during field visits to cooperatives and 
individual peasant farms and information gathered from participants' group discussions and 
presentations was also used for qualitative data analysis. 
The age distribution of respondents ranged from twenty to forty-nine years old. 
Thirteen percent of the respondents indicated an age of twenty-five or less, thirty-eight 
percent of respondents indicated an age between twenty-six and thirty-five years old, forty-
two percent of respondents indicated an age between thirty-six and forty-five; and seven 
percent of respondents indicated forty six years or older. The mean age of respondents was 
thirty-five years of age. The age distribution indicated that eighty percent of respondents 
were between the ages of twenty-six and forty-five years. 
All the respondents had a high school diploma and above. The highest level of 
education reported was a master's degree. The mean level of education was community 
college or independent college in Ethiopia. Twenty-eight percent of respondents were high 
school graduates, and thirty-six percent had attained a community college education. Twenty-
four percent of respondents had a college degree, and two percent of respondents had a 
master's degree. Eighty-eight percent of respondents were male and twelve percent were 
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female. The distribution of respondents by the number of years worked ranged from six 
months to twenty-eight years. The mean number of years of experience was seven years. 
The distribution of the number of staff working under the respondents ranged from 
one to fifty-seven staff members. The mean number of staff working under the respondents 
was eight staff members. Respondents were asked to estimate the number of cooperative 
stores in their areas of operation. The distribution of the number of cooperative stores ranged 
from zero to two hundred cooperative stores. The mean number of cooperative stores in the 
regions was twenty-two stores. 
Objective 1: Adult Education Program in Sustainable Agriculture in Ethiopia 
The sections that follow describe the training programs that were conducted in 
Ethiopia by the researcher between the years 1999 and 2003. At the end of each training 
program, a final post-project report was prepared and distributed to Agency for Cooperative 
Development International/Volunteer Overseas Cooperative Agency (ACDI/VOCA) in 
Ethiopia and Washington DC, and United States Agency for International Development 
(USAID), the donor agency. Table 1 presents a description of the major components of the 
training program and the delivery systems or strategies used during the workshops to train 
cooperative managers and promoters from various political regions of Ethiopia. 
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Table 1. Major components of the training program and strategies used 
Major components 
1. What are postharvest losses and how and 
why do postharvest losses occur? 
2. Postharvest loss assessment and systems 
of detecting loss in the field storage and 
during transportation 
3. Loss minimization systems, product 
shelling techniques and product handling on 
packaging and transportation (grain and 
legumes) 
4. Handling damaged grain and techniques of 
handling various levels of damaged grain 
5. Defining storage/store, and store types and 
use 
6. Coding and identification of stores 
7. Receipt, inspection, issuing and dispatches 
8. Systems of recording, stock control 
principles, stock checking and stock taking 
9. Storage equipment, materials handling, 
store procedures, piling and safety measures 
in storage 
10. Postharvest losses in flowers and 
vegetables 
11. Problems in postharvest losses in regions 
of Ethiopia represented by participants 
Delivery systems/strategies 
Lecture (PowerPoint presentations), slides, 
pictures, live specimens, videos, 
transparencies, handouts, references 
Lecture, slides, field trips to stores, farmers 
fields, group discussion, pictures, videos 
Lecture, slides, pictures, movies, field trips to 
stores and field of production, visit to a 
manufacturer of shellers and carts 
Lecture, movies, slides 
Lecture, field visits, videos, slides 
Lecture, slides, store visits 
Lecture, slides, store visits 
Lecture, slides, store visits 
Videos, lectures, field visits to the stores 
Videos, slide shows, pictures, live specimens 
Group discussions, presentations and a paper 
report by participants 
Post-assignment Report on Postharvest Loss Minimization and Storage Workshop -
Oromia Region - Ethiopia 
The following information was included in a final report on postharvest loss 
minimization training conducted in the Oromia Region of Ethiopia. The workshop dates were 
August 14 to September 2, 2000. Oromia Region is located in the central part of Ethiopia and 
48 
areas surrounding Addis Ababa, the capital city of Ethiopia, and the seat of Government. The 
scope of work was to carry out training on postharvest loss minimization at the farmer's 
fields, storage and cooperative store levels. Visits were made to cooperative stores and farms 
before the training started. The visits were conducted to familiarize the researcher with the 
rural Ethiopian community and to be more acquainted with what was going on in different 
cooperatives and in a few individual farms in the Oromia Region. 
Visits were made to Ada Alihen, Ude, and Luume Adaamaa Cooperatives. Business 
seemed to be growing according to the figures presented by the cooperative managers that 
showed some profits. However, not enough attention was paid to the area of postharvest 
losses, and it was clear that cooperative stores for farm inputs and grain were in bad shape. 
The few cooperative stores visited were in unsanitary condition. Some stores had leaking 
roofs. Floors were smeared with unsanitary cow dung mixed with earth and they were rough 
and bumpy. Walls were not concrete and were constructed with earth and cow dung mixture. 
There were no pallets placed underneath sacks of grain. Sacks of grain were scattered all over 
the floor and were not arranged in stacks or piles. According to one cooperative manager, rats 
and weevils infested their stores regularly. In the shops, foods and other consumables were 
stored together with pesticides. In another cooperative, maize was stored in bulk on the floor 
of a small non-ventilated store. The store was almost filled to the roof with grain that was 
heavily infested with rats, weevils, grain moths, flour moths, cockroaches and other 
miscellaneous pests. Grain was unclean, broken, and the store was hot and humid with little 
ventilation. 
Major crops grown in the Oromia Region included wheat, teff, barley, maize, beans, 
peas and vegetables. Participants of the training programs made field visits to farmers' homes 
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and it was reported that the extension workers had not been visiting the farmers regularly. 
The farmers lacked knowledge and information on postharvest losses. These farmers had 
very unsanitary storage. The gotera (granary) was made of simple wood material and grass-
thatch roof. The walls were smeared or plastered with cow dung and clay soil. The leaking 
roofs were also the gateway for rats and mice. The earth and cow dung encouraged grain rots, 
molds, and entry of other storage pests. Weevils were a major problem. The placement of the 
gotera was not right and it was laid directly on the ground. Around the gotera were chickens, 
weeds growing, cow dung and urine from domestic animals, and this encouraged molds and 
rots. 
Classroom discussions, group discussions and presentations by participants indicated 
that the same problems that we witnessed in the field visits were common in all the areas 
represented in Oromia Region. Other postharvest loss problems the participants highlighted 
included harvesting of grain with high moisture content. This encouraged molds, rats and 
insects in storage. Sometimes the farmers waited too long for grain to dry which resulted in 
shattering losses. Rats, mice, weevils, and molds and rots were common problems both in the 
farms and in storage. More losses were realized during shelling. Grain was shelled by hitting 
com ears in sacks with sticks. The hitting caused grain to crack and in turn encouraged 
diseases and pests. Another method of shelling was by use of cows, mules or donkeys that 
were driven over the harvested crop to shell with their feet. Their dung and urine encouraged 
rots. Livestock also consumed the crop during shelling. Shelling was also done on earthen 
ground that was unsanitary hence, grain was mixed with soil. More losses were experienced 
through spillage during transportation. Modes of transportation included human backs, 
donkey backs, and carts. Spillage losses also occurred through use of torn packaging 
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materials, during loading and unloading. After threshing, winnowing was carried out by use 
of wind. Crops such as teff weigh very little, are less than 0.25mm in diameter, and were 
easily blown away in the wind. 
In storage, unsanitary conditions were common in both the. farm and the cooperative 
stores. Insect pests, rats, and molds prevailed in both areas. Lack of knowledge in integrated 
pest management was a major setback. Farmers were also too poor to afford pesticides, and if 
they afforded the pesticides, they did not apply proper rates because of little or no education 
and lack of support from extension. After harvesting, farmers did not sort spoiled grain from 
clean grain. All grain was placed in store directly and this complicated diseases, pests and 
rats problems. 
In some areas, many farmers stored grain in holes dug underground and this was 
mainly due to enemies torching the granaries at night. Losses were experienced in form of 
rots, rats, mice, and other pests. Stacking of new grain on old grain was a common 
occurrence in storage. In some cases, farmers also mixed old and new grain in storage. 
Different grain varieties were also mixed in one bag and stored away. Other losses included 
fire, theft, heavy rains during harvest, and lodging. Besides the gotera for storage, other 
farmers used the same house they lived in as a store and they shared the same room with their 
livestock. Quelea quelea was a major bird pest in the wheat and barley growing areas. 
Participants highlighted that the extension people were only busy collecting taxes and 
were not concerned with educating the peasant farmers. The researcher recommended that 
cooperative managers begin to do extension work since they interacted more with farmers 
and on a daily basis. They should pass on to farmers the knowledge that they had received 
through this training program and not to sit back and wait for the extension people to do it. 
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All stores in cooperatives should be cleaned and maintained in sanitary conditions. 
Proper sanitation practices as learned in class during the training should be practiced. All 
grain should be packaged in gunny bags. Properly packaged grain in sacks should be piled in 
standard piles on dunnages or pallets. One-meter wide gangways were recommended in the 
stores between stacks and one meter from the wall. This would allow movement by 
warehouse operators, placement of rodenticides, movement of cats, as well as good air 
circulation. Different crop varieties should be packaged in bags and piled separately. 
Warehouse operators should leave room between the stacks and ceiling for good air 
circulation. It was also recommended that all foods be separated from pesticides with 
immediate effect. 
Proper application of safe pesticides at specified label rates was recommended. In an 
effort to control pests and diseases in storage, chemicals such as Actellic, Malathion, 
phostoxin and other safe pesticides were recommended. Proper concrete stores with enough 
ventilation and high roofs should be constructed. Managers claimed they did not have enough 
money to construct stores. Proper budgeting, credit and aggressive marketing should be 
encouraged to acquire money for construction of better stores and go-downs. To minimize 
grain loss in storage, construction of stores should be prioritized. Reference material on 
constructing rodent proof stores was distributed to participants. Weeding around stores to 
keep away rodents and pests was also recommended. Sanitation in and around the store was 
emphasized. Infested grain must be treated with a safe chemical and badly damaged grain 
disposed of, or fed to less sensitive livestock. New grain should not be stacked together or 
mixed with old grain. 
At the farm level, farmers needed extension education on integrated pest 
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management. Crops should be harvested at physiological maturity and the recommended 
moisture content. Farmers must be educated not to harvest immature crops and not to wait 
too long before harvesting. Group harvesting was a great idea and was recommended 
accordingly. However, if finances allowed, combine harvesters were recommended. Credit 
should be provided to farmers to buy safe pesticides and to construct the recommended 
improved granary (gotera). 
Credit need to be provided to farmers to buy safe pesticides and to construct the 
recommended improved granary {gotera). All goteras in the area need to be improved and 
reconstructed. Mud and cow dung should not be used to smear the walls of the granary. Mats 
from reeds were relatively cheap, hence they were recommended to replace the unsanitary 
mud and cow dung on walls. Roofs of the granary needed to be reconstructed and shaped at 
an angle that will not let in rain into the granary. Stores need to be insect and rodent proof. 
The granary should be raised one meter above the ground. The granary stands should have rat 
guards or collar made of iron sheet. In the granary, grain should be stored in bags. The 
granary should be emptied, cleaned thoroughly and sprayed with a safe pesticide before 
storing new grain. The area underneath and around the granary must be free of weeds, debris 
and livestock. The granary should be placed away from buildings and bushes to allow air 
circulation. All this was simple technology and would cost the farmer less in comparison to 
the big losses farmers incurred through pests, diseases and rodents. 
Shelling and threshing should be done on a clean surface. Shelling by use of sticks or 
animals was discouraged and in place maize shellers or hand threshing was recommended. 
Packing material should not be leaking and should be clean. Transportation should be done 
by use of improved donkey drawn carts, tractor drawn trailers and trucks. As a rule, all grain 
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should be stored at recommended moisture content (14% for maize). As for wheat and barley 
losses through Quelea quelea and weaverbird, Quilitox fumigant was recommended. A 
number of safe avicides were available in the market. Exclusion, use of noise and dummies 
to keep away birds was also recommended. 
The same LPM principles discussed above were recommended in an effort to 
minimize losses in fruits, flowers and vegetables. Sanitation, exclusion, prevention, therapy, 
refrigeration, UV-radiation (Addis Ababa), and use of pesticides were recommended. 
Harvesting of fruits and tomatoes before ripening was recommended in order to minimize 
injury in handling and transportation. At the end of the course, the participants and 
coordinators invited me to go back to Ethiopia and train them on integrated pest management 
(IPM) principles in crop production. 
Post-assignment Report on Postharvest Loss Minimization and Storage - Amhara 
Region - Ethiopia 
The following information was included in another final report on postharvest loss 
minimization and storage training program conducted in Amhara Region of Ethiopia. The 
assignment dates were from November 9 to December 01,2001. As in Oromia Region the 
previous year, the scope of work was to train participants on postharvest loss minimization 
both at the farm and storage levels. The timing of the training was very appropriate because 
this season the farmers in Amhara region were harvesting their crops. 
Visits were made to Lume Adama Farmers Cooperative in Oromia, which was a 
follow up from the previous year. Other enterprises visited were Marawi Farmers 
Cooperative in Amhara, and Abcicli Farmers Cooperative in Achefer - Amhara. As in Oromia 
region the previous year, stores visited in Amhara region were in unsanitary conditions. 
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Leaking roofs and cracked floors and walls were observed. Walls were made of earth and 
cow dung. There were no dunnages or pallets placed underneath bags of grain. Bags of grain 
were not arranged in stacks or piles. Rats, weevils, birds and other miscellaneous pest 
infestation in stores were very apparent. Screens on the ventilation had very wide holes that 
could let in all sizes of pests. 
Major crops grown in Amhara region included maize, teff, wheat, barley, millet, 
cotton, beans, peas, and vegetables. The class also visited some farmers' homes. As in 
Oromia farmers visited reported that the agricultural extension workers had not been working 
with the farmers in this region. The farmers lacked knowledge and information in postharvest 
losses. The farmers visited had unsanitary storages for produce. As in Oromia region, the 
goteras and gota were in unsanitary conditions. Weevils were a major problem both in the 
field and in the granary. The class did some pest infestation sampling of corn and came up 
with 60% weevil infestation in the field even before the crop was harvested. This portrayed a 
worse situation where these pests from the field would be shifted to the storage after harvest. 
It was therefore obvious that losses in storage would be quite heavy. 
Discussions in class, group discussions and presentations by participants revealed that 
the problems highlighted in the previous report of Oromia region were common in all zones 
of Amhara region. Overall, unsanitary conditions were common both in the farm and in the 
cooperative stores. Dogs were reported as a pest problem on com, and monkeys and apes 
were reported as major pests on a variety of crops in this region. 
As in Oromia region, similar recommendations to minimize losses were given to 
participants in Amhara region. Reference materials were distributed to participants on 
construction of rodent proof stores in this area. At the farm level, stocking of maize was a 
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common practice in this area and it encouraged greater losses through rodents, insect pests 
and rots. Stocking was therefore discouraged and maize should be harvested on the stand. 
All wildlife problems should focus on excluding the critter from farms and produce. 
There were major losses on fruits and vegetables that farmers were not aware of in 
this area. Heavy losses of tomatoes were observed in a farmer's field, market and on a 
roadside during the class field trip. The same 1PM principles were recommended in an effort 
to minimize losses in fruits, flowers and vegetables. Sanitation, exclusion, prevention, 
therapy, refrigeration, UV-radiation, and use of safe pesticides were recommended. As in 
Oromia, harvesting fruits and tomatoes before ripening was recommended in order to 
minimize injury in handling and transportation. 
Post-assignment Report on Store Management and Storage - New Cooperative Regions 
- Ethiopia 
Another post-assignment final report was developed focused on training cooperative 
promoters and managers on store management and storage. The training took place from 
October 8 to 22 of the year 2002. The scope of work was designed to train cooperative 
promoters and managers from some regions of Ethiopia where new cooperatives had been 
initiated. Those regions included Afar, Somali, Benshangul, Gambella and Addis Ababa 
Regions. The major agricultural enterprises in these regions included teff, sorghum, maize, 
wheat, barley, sesame and Niger seed. Other agricultural enterprises included rice, soybean, 
teff, groundnuts and livestock (cattle, sheep, goats and camels). 
Participants were very keen to learn new ideas and were interested in collecting lots 
of information on storage and store management. Notes and handouts were given and those 
materials were intended to help in establishment of new stores and improvement of existing 
ones. By the end of the training, promoters were confident and eager to get started and 
implement the new ideas once they got back to their respective regions. 
Based on my previous experience, field visits, group discussions and presentations by 
participants, it was realized that many regions in Ethiopia were in dire need of modern stores 
for grain storage and farm inputs such as fertilizers, hybrid seeds, agrochemicals and other 
merchandise as required by farmers. Among the many issues in store management in 
Ethiopia, store ownership was isolated as a major impediment in many regions. Stores did 
not exist in most regions and if they did exist, they were inherited from the government and 
were not initially designed to service cooperative business. Cooperative members did not feel 
a sense of ownership hence the stores had deteriorated from lack of repair and little or no 
maintenance at all. It was therefore recommended that farmers' cooperatives should build 
their own stores and lease or rent them only when it was absolutely necessary. 
Most existing cooperative stores were constructed with mud and cow dung. Floors 
were smeared with mud and cow dung, and some roofs leaked. They also lacked ventilation 
and other fixtures such as fire extinguishers. Budget constraints were being realized in all 
cooperatives. This factor alone inhibited many cooperatives from acquiring stores, building 
new stores or even maintaining and improving existing ones. Cooperatives should strive to 
get credit and loans from financial institutions in order to build new stores and improve the 
existing ones. They need to ensure and to have the business grow and to make profits through 
competitive marketing and by giving high quality services to their members. It is also worthy 
noting that in some areas where the researcher carried out training earlier, such as Luume 
Adaamaa, there was a newly built store that met nearly all the specifications and standards of 
a good store. Congratulations were sent to the manager and the members of that cooperative 
for their hard work. 
It was suggested that concrete stores need to be constructed. Strong steel doors need 
to be included for store safety and security. Roofs should be made of iron sheets or plaster 
and ceiling, and need to be high enough for good ventilation and more storage space. Where 
electricity was available, cooperative stores need to be installed. Water, plumbing, drainage, 
ventilation and toilets need to be constructed. Fixtures such as fire extinguishers, flags and 
signboards with a name and logo of the cooperative need to be put in place. It was also 
recommended that cooperatives need to choose and adopt a 'color' for all their businesses. 
This would improve the image of the cooperative since farmers associated color with good 
service. Cooperative stores need to be accessible to customers through good roads, large 
parking lots, loading docks, wide entrances and exits. When selecting a site for construction, 
stores need to be accessible to highways and railroads. 
Skilled work force was lacking in most cooperative stores. Hiring personnel who 
were not trained made the cooperative business look mediocre amidst highly competitive 
markets. In the future, cooperatives need to hire highly trained and skilled personnel in order 
to be competitive. All incumbent personnel who operated the stores need to be trained. 
Personnel need to be trained in various aspects of store management. Training in store types 
and use, store construction and leasing, postharvest loss minimization, coding, receipts and 
inspection, issuing and dispatches, stock control, stock checking and stock taking need to be 
emphasized. Other training should include piling, inventory control, materials handling and 
methods of measuring store capacity. 
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For safety, personnel need to wear protective clothing when handling dangerous 
chemicals and other items that could cause injury to workers. Agro-chemicals should never 
be stored together with groceries. All merchandize and structures should be insured against 
thefts and hazards such as fire and floods. It was hoped that stores that met the standards 
would come up in the near future in Ethiopia and certainly, the image of cooperatives was 
viewed as very important in cooperative marketing and good customer relations. 
In summary, training programs were conducted in Ethiopia between 1999 to 2003 in 
various regions of Ethiopia that included Oromia, Amhara and New Cooperative Regions. 
The training programs were on postharvest loss minimization and storage, and store 
management and storage. Various strategies were used to train cooperative managers and 
promoters that included lectures, group discussions, field visits, video tapes and presentations 
among others. At the end of each training program, a post-project report was compiled for the 
development agencies that sponsored the workshops. 
Extension Education Practices in Ethiopia 
During the training programs, respondents were asked to list extension educational 
practices used to train farmers on sustainable agricultural practices for postharvest loss 
minimization and storage in Ethiopia. The following list is a description of some extension 
education practices sometimes used in Ethiopia as described by participants of the training 
programs (see Table 2). 
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Table 2. Extension education activities in Ethiopia as described by participants 
1. Field visits to other regions, and field demonstrations (44%)* 
2. Training on hands-on practical manure treatment and application in fields of 
production (38%) 
3. Workshops and seminars (41%) 
4. Training on credit, borrowing, and savings (36%) 
5. Training on marketing produce (28%) 
6. Training model farmers to train other farmers (25%) 
7. Hands-on training on seed selection and other farm inputs (31%) 
8. Training cooperative committee members on cooperative operations and leadership 
(29%) 
9. Some visits from Ministry of Agriculture Extension (33%) 
* Percentage of respondents had these experiences 
Participants indicated that a few and limited practices were sometimes used to train 
producers. Most participants reported extension educational practices which included, 
"extension visits and field days," "hands-on practical manure production, treatment and 
applying in fields," "workshops," "visiting programs to other regions to share experiences," 
"credit, borrowing, and savings." Other practices included, "training on marketing of 
produce," "selection of model farmers whose fields and experience are used for 
demonstration and to train other farmers," "hands-on training on seed selection and other 
farm inputs." "Visits to other successful cooperatives," "group discussions and one-to-one 
interviews," "training model farmers for one week who in turn go back to their regions to 
train other farmers," "training farmers on sanitation to control rodents and insect pests," were 
other strategies. "Training cooperative committee members," "ministry of agriculture 
extension service" and, "my own field demonstration on pest and weed resistant crop 
varieties, traditional farming methods, and modern farming technology" were described. 
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Objective 2: Problems in Postharvest Loss Minimization and Storage in Ethiopia 
Training programs on postharvest loss minimization, storage and store management 
for cooperative managers and promoters were conducted in Ethiopia from 1999 to 2003. 
Upon receiving this training and gaining some knowledge, the cooperative managers and 
promoters were expected to pass on the information to producers through other rural 
educational and training programs. A qualitative data analysis to describe the impact of the 
training programs on the rural communities was conducted when participants made field 
visits to cooperatives and individual farms, and when participants described experiences from 
their respective rural areas of operations during group discussions and presentations. The 
following is a description of some of the problems in postharvest loss minimization and 
storage in different regions of Ethiopia as described by participants during the workshops 
(Table 3). 
Table 3. Problems in postharvest losses and storage in Ethiopia described by participants 
1. Losses of produce during harvesting, shelling, and threshing (78%) 
2. Harvesting grain above or below recommended moisture content (53%) 
3. Poor packaging during transportation and in storage (71%) 
4. Losses through fire, floods, theft, rain (67%) 
5. Losses through rats and mice, dogs, monkeys, diseases and insect pests (80%) 
6. Farmers do not pay a lot of attention to cleaning their grain and storing it in sacks at 
the right storage moisture (44%) 
7. Construction of a modern storage (gota and gotera) elevated above the ground was 
rare (77%) 
8. Extension services for postharvest loss minimization and storage do not reach 
farmers at the grassroots (79%) 
9. Unaffordable pesticides (66%) 
61 
Generally, farmers encountered losses of produce during harvesting, shelling, 
threshing, harvesting grain above or below recommended moisture content, poor packaging, 
during transportation and in storage. Other losses occurred through fire, floods, theft, rain, 
rats and mice, dogs, monkeys and insect pests. 
Sources of information for farmers on pesticides and postharvest losses included their 
own experience in the farm, farmer-to-farmer, and on rare times from experts in the district, 
zonal and regional agriculture offices under the Ministry of Agriculture, field days, 
Agricultural Bureau offices, agricultural development offices and development agents sent by 
the government. 
Practices used by farmers to minimize or prevent postharvest losses included 
harvesting at the right moisture content sometimes when the weather allowed. It appeared 
that farmers did not pay a lot of attention to cleaning their grain and storing it in sacks at the 
right storage moisture. Sometimes they practiced sanitation of the storage. Construction of a 
modern storage (gota and gotera) elevated above the ground was rare. Cultural practices and 
proper crop production was sometimes practiced when finances allowed. Farmers sometimes 
planted their crops early and sometimes used fire breaks to prevent fire losses. 
Educational programs were needed for both men and women. Extension services 
were needed for postharvest loss minimization and storage and these services did not reach 
farmers at the grassroots. Participants indicated that extension services were needed related 
to postharvest loss minimization and storage and more extension programs needed to be 
initiated and revamped. 
There were no proper storage procedures and generally, many farmers did not care 
much about proper grain storage. Traditional grain storage constructed of wood, mud and 
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grass thatch roof was used for storage of grain. Farmers are willing to construct a proper 
storage {gota and gotera) but this was not a priority in their farming operation. Financial 
constraints also would not allow. 
Farmers learned grain storage practices from parents, from generation to generation, 
village elders, extension agents (sometimes), friends, culture and past experience but they 
faced problems in storing grain and produce. Participants indicated that farmers encountered 
losses through rodents, spoilage of grain and produce due to lack of proper storage 
temperatures and poor aeration. Other respondents indicated that there was lack of 
knowledge from experts, poor storage facilities (gota and gotera), unaffordable pesticides, 
lack of money to buy sacks to store grain, poor sanitation in storage, inadequate storage 
facilities, and weather. 
Participants indicated that farmers controlled pests in stored grain and produce by 
doing nothing at all, sometimes removing grain outside and exposing to sunshine at least 
once a month, and use of pesticides sometimes when money is available. Smoke is also used 
to fumigate storage. Remodeling of storage {gota and gotera) by use of soil and cow dung 
and grain cleaning sometimes practiced. Maize is also stored high up a pole so that rats 
cannot reach. 
Many participants indicated that they did nothing differently after attending 
educational programs on postharvest loss minimization and storage. Respondents also 
indicated that postharvest losses have not decreased significantly after attending training 
programs where new information on postharvest loss minimization and storage practices was 
gained. Supervision is therefore needed for the cooperative managers, promoters and 
extension agents to make sure that the knowledge and information gained is used to educate 
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producers. 
Comments by respondents on the kind of educational approaches or methods that they 
preferred indicated that practical approaches or learning by doing under supervision, field 
demonstration, hands-on approach, group work rather than individual farmer activities, 
farmer-to-farmer programs and agricultural shows were very important. One participant 
commented, "Learning practically and in a group is the best way to learn and understand." 
According to participants, the best sources of information were seminars, District 
Agricultural offices, radio, other farmers, research centers and agricultural extension agents. 
These are the "closest and reachable sources for the farmers, yet they were not efficient." 
In summary, participants in the training programs conducted in Ethiopia were asked 
to describe problems in postharvest loss minimization and storage in regions of Ethiopia 
represented during the workshops. Some of the problems listed included, losses of produce 
during harvesting, shelling, and threshing, harvesting grain above or below recommended 
moisture content, poor packaging, losses during transportation and in storage, losses through 
fire, floods, theft, rain, and losses through rats and mice, dogs, monkeys, diseases and insect 
pests among others. 
Barriers Hindering Access to Information and Knowledge 
Training programs on postharvest loss minimization, storage and store management 
for cooperative managers and promoters were conducted in Ethiopia from 1999 to 2003. 
Participants were asked to describe factors hindering access to information and knowledge. 
The following is a list describing some of the barriers hindering access to information and 
knowledge on sustainable agricultural practices for postharvest loss minimization and storage 
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in different regions of Ethiopia as described by participants during the workshops (Table 4). 
There is limited access to information, knowledge and technology. Farmers are poor 
and there is an absence of extension services at the grassroots level. There is also a lack of 
capacity building and knowledge and the government's strategies do not include pastoral-
agro-agriculture. There are no field demonstrations for Ethiopian farmers to improve their 
agricultural practices and there is limited knowledge in sustainable agriculture resulting in 
poor yields. There is lack of access to modern agricultural knowledge, lack of adequate 
training for producers and lack of commitment by stakeholders. The main factors hindering 
access to knowledge and information are poverty, poor yields, low income, illiteracy, poor 
land policy, poor land use and farmers also lack enough acreage to till. Most farmers have 
less than 0.5 hectares of land, which is hard to implement sustainable agriculture. Poor 
infrastructure also hinders farmers from gaining education and information. 
One respondent pointed out that "Eighty-five percent of the Ethiopian people are 
farmers and it is not easy to get all the skilled man-power to educate or train all farmers. 
Also, experts in agriculture are not willing to go and live in the rural areas due to a shortage 
and poor facilities such as electricity, telephone, clean water and transportation." 
Drought and floods hindered sustainable agriculture. Continuous draughts and 
desertification hindered farmers from practicing sustainable agriculture. One respondent 
highlighted that "climatic conditions are the major hindrance to farmers in my area. Shortage 
of rain and lack of irrigation denied farmers to practice sustainable crop production and 
farmers turn to other enterprises such as nomadic pastoralists, moving from place to place 
with their animals in search of water and pasture." 
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Table 4. Barriers hindering farmers access to information and knowledge as described by 
participants 
1. Limited agricultural technology 53% 
2. Absence of extension services at the grassroots level 79% 
3. Poverty 81% 
4. Lack of capacity building 33% 
5. Lack of field demonstrations for Ethiopian farmers to improve their agricultural 
practices 66% 
6. Limited knowledge in sustainable agriculture resulting to poor yields 40% 
7. Lack of access to modern agricultural knowledge 57% 
8. Lack of adequate training programs for producers 87% 
9. Illiteracy, poor land policy, poor land use and limited acreage to till 85% 
10. Poor infrastructure 70% 
11. Agricultural experts are not willing to live in the rural areas due to poor facilities 
such as electricity, telephone, clean water and transportation. 67% 
12. Drought and floods 74% 
13. Cultural beliefs are barriers that prevent farmers from adapting and embracing 
change. 58% 
14. Poor government policies that did not reflect the needs of cooperative societies 66% 
15. Lack of educated personnel and skilled manpower 55% 
16. Government and NGOs do not provide training to farmers at the grassroots who are 
illiterate and poor 52% 
17. There is lack of continuity from the beneficiaries of these training programs to the 
cooperatives and producers 51% 
18. Lack of follow-up and evaluation 57% 
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Cultural beliefs are barriers that prevent farmers from adapting and embracing 
change. Farmers want to continue farming the same way that their ancestors did. Social-
cultural factors act as barriers for producers in adapting knowledge in sustainable agriculture. 
Religious practices, traditional norms and political instability are barriers to sustainable 
agriculture practices... "Farmers in my area are illiterate and they practice traditional farming 
by use of simple hand tools for plowing and postharvest loss minimization is very limited." 
Other barriers that hindered producers from accessing knowledge and information are 
lack of capital, poor government policies and politicians being used by the government as 
policy makers in cooperatives. A respondent pointed out "two main obstacles which include 
poor developmental policies that were formulated by the government and did not reflect the 
needs of cooperative societies and lack of educated personnel and skilled manpower. 
Absence of holistic development approach and lack of enough training programs hindered 
sustainable agriculture." 
Among other issues, it was reported that cooperative promoters were not very 
dedicated to their work. "The government seeks political loyalty from farmers rather than 
rural development issues. Government and NGOs do not provide training to farmers at the 
grassroots. Farmers practice traditional methods of farming and fear to take any risks in 
change since they are only subsistence farmers trying to ensure availability of food for the 
family." 
A major problem of implementation of these programs is financial constraint where 
farmers cannot afford inputs. Farmers also lack timely and adequate training programs and 
there is lack of follow-up programs. "There is lack of continuity from the beneficiaries of 
these training programs to the cooperatives and producers. This continuity will be enhanced 
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by training of cooperative workers who will in turn train farmers." 
Other barriers hindering knowledge and information include "poor methodology of 
training farmers." There are no training programs for farmers in many areas. Visits to farmers 
by extension agents are minimal. There is poor supervision of rural projects. Most farmers 
are poor and cannot afford agricultural inputs. The government gives very little attention to 
the important field of agriculture. "There is a shortage of well trained extension workers in 
sustainable agriculture... Governmental and non-governmental organizations do not exist in 
my area to give farmers available information and knowledge in sustainable agriculture." 
Inadequate training and lack of inputs such as pesticides hinders sustainable 
agriculture. Extension services are not given consistently and the government does not 
support extension. Moreover, the development agents do not give the required information in 
sustainable agriculture to the producers and there are no models for sustainable agriculture in 
the country. "This training should be given continuously as it will help us to do so much." In 
the words of one participant that brought out a key idea ... "It is also recommended that 
training in postharvest loss minimization and store management be given to extension 
supervisors." 
Some participants felt that sustainable agriculture is very important to minimize crop, 
yield and produce losses. "It is also important to maintain soil fertility and maintaining our 
natural resource base." It is therefore important to work together and integrate, introduce and 
change agricultural practices from the grassroots level of the farmer. There should be follow-
up, monitoring and evaluation of the programs. 
Government support was lacking in marketing of produce. In addition, prices of 
inputs were too high and farmers lacked incentives. Farmers also chose not to practice what 
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they are trained. Farmers are highly dependant on seasonal rains. "Government policies are 
not good and farmers are forced to use new hybrids and fertilizers without their consent and 
not based on their needs." Land policy is poor and there is population pressure on land 
resulting to soil erosion and degradation. 
Some respondents highlighted the fact that there was poor communication to 
cooperatives by promoters. There was negligence in agricultural practices by producers and 
quality is not their concern. In addition, inadequate research information was a major barrier. 
Demonstrations were not located in strategic places for all to see and the timing was bad. 
Training on best technology that was appropriate to the local situation was lacking. Limited 
access to recommended inputs and inability to predict the market also hindered sustainability. 
Existing storage was poor and storage management skills were lacking. Participants went on 
to point that there were limited resources in the rural farmland and lack of exposure to 
agricultural technology. "Farmers also depended on rainfall yet we have a rich resource of 
land and water for irrigation." Training is also limited in areas inaccessible by roads and most 
remote areas missed out in training. 
In summary, participants were asked to describe factors hindering access to 
information and knowledge in sustainable agricultural practices for postharvest loss 
minimization and storage in Ethiopia. Factors hindering access to information and knowledge 
included limited access to information, knowledge and technology, absence of extension 
services at the grassroots level, poverty, and limited field demonstrations. Lack of adequate 
training for producers, illiteracy, poor land policy, poor land use, limited acreage to till, 
drought, floods, poor government policies that did not reflect the needs of cooperative 
societies, and lack of follow-up and evaluation were other barriers. 
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Respondent Suggestions 
Following were general suggestions made by respondents: 
One participant made a comment of empathy related to Ethiopian farmers by stating that 
"Whenever you have a cup of coffee, remember the bare-footed coffee farmer." The 
participant pointed out "there was an underground storage for sorghum that has its walls 
smeared with cow dung, how do you think this storage can be improved to benefit people 
from Showa region of Northern Ethiopia?" 
Commenting on the questionnaire a participant suggested that it covered veiy 
important areas based on facts and reality about what is going on around the world, what the 
future will be and how sustainable agriculture needs to be practiced. All the information 
given was highly appreciated. Participants went on to suggest "sustainable agriculture 
requires a sustained continuous training program which is based on the producer's needs." 
"Giving money, inputs and food donations will not change the living standards of the 
producers and therefore sustained continuous training is very essential for the cooperative 
promoters and producers." Sustainable agriculture was important to the farmer in increasing 
food production but the information was very limited and the farmers needed training in 
sustainable agriculture. "Sustainable agriculture should also include livestock production and 
should embrace the diversity of nations in the Third World." 
Participants suggested that the training program was very important but the time 
allocated was very short and that future training programs should be made longer.. .."the time 
allocated to the training was short and it is better to lengthen training periods in the future." 
The training programs that are conducted to enhance farmers' knowledge were recommended 
and training should incorporate all matters that enhance the farmers overall standard of 
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living. "Experts and researchers should also carry out training programs on the grassroots 
level by incorporating small farmers to participate in sustainable agriculture programs which 
will highly benefit them." "The training program was very good and I hope you give an 
advanced training program in sustainable agriculture in the future." 
The main objective of these training programs was to seek solutions for preventing or 
minimizing postharvest losses. The problem though was how to implement research, 
information and knowledge gained to benefit producers. However, sustainable agriculture 
ideas were good and will benefit communities... "We hope we will come up with good 
results and I appreciate your good work in training the training was very interesting and I 
appreciate your valuable time spared to come all the way to Ethiopia to conduct this 
training Thank you." 
Government extension workers do not have transportation and other field equipment. 
Cooperative members do not own cooperative property and they lack a sense of ownership 
hence cooperatives are run down. Farmers do not own land. Political situation in Ethiopia is 
always volatile. Regional government workers need to be given training on sustainable 
agricultural practices. Training on sustainable agriculture in institutions needs to be 
developed. "If you have the capacity, you can train more promoters and give seminars to the 
producers at the grassroots on sustainable agricultural practices." 
"Sustainable agricultural practice is important for improvement of agriculture. 
Therefore, an intensive training program needs to be given to all cooperative managers and 
promoters as well as government extension workers." Field demonstrations are very 
important and should be carried out in the farmers' fields. It will be easier to train on 
sustainable agriculture if farmers were organized into cooperatives. 
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One participant viewed some hindrances in the development of sustainable 
agriculture and suggested that, "Please advice those concerned to come to Gambella region 
and witness that there was no infrastructure and it was difficult to train farmers." 
"Information is power," producers should get information and knowledge that will equip and 
enable them to carry out good sustainable agricultural practices. Action should be taken to 
change the producers farming practices. Sustainable agriculture must be taught from 
grassroots level through training to raise awareness with the producers. 
A participant suggested that donors should give inputs without charging interest and 
they should help construct modern storages. Government needs to give farmers incentives to 
ensure food security and help in marketing of produce to local and export markets. The 
government should try to open up markets abroad where farmers can sell produce direct to 
consumers in international markets. Government land policy should be amended based on the 
needs and interests of the people. Education need to be introduced to farmers on modern 
farming systems, hybrid seeds and fertilizers. Irrigation systems need to be introduced. 
Appropriate crops need to be grown and farmers need to be given tours to see other 
successful farmers in other regions. "Training programs need to be given in each region of 
Ethiopia once a year to improve quality of food production and to help minimize postharvest 
losses in Ethiopia." 
Some participants suggested that the training program was very good but the trainers 
differed in experiences with some who had trained for many years and others who were just 
beginning... "We need feedback from you and your organizations.. .The training program 
was very important to cooperatives as it improved our knowledge and skills so that we could 
give good services to our members... Thank you for your help." 
72 
Benefits of Training Programs 
Training programs on sustainable agricultural practices for postharvest loss 
minimization and storage were conducted in Ethiopia between 1999 and 2003. Participants 
were asked to comment on benefits of these training programs. Virtually all the participants 
discussed the benefits that they gained from attending the training programs as well as how 
the training programs benefited cooperatives and farmers. The following list is a description 
of the training program benefits as viewed by participants (Table 5). 
Individual knowledge and career development 
Many respondents described the training programs, as "very beneficial and 
important" because the concepts and skills acquired in storage management training would 
upgrade their level of knowledge in all aspects regarding storage management. Participants 
highlighted the fact that "training will contribute immensely and increase their knowledge." 
Participants echoed the fact that they greatly benefited from the training programs and that 
the benefits from the training were "immeasurable and a lot of knowledge was gained." One 
participant pointed out that "the training provided me with knowledge for project planning 
and management which was beneficial to our country." 
Training programs were viewed as acquired assets and knowledge that would help 
participants in developing their current job careers at the cooperatives. The information in 
sustainable agriculture was described as "so precious in many ways." 
Participants believed that they received an immense knowledge base from the training 
and the experience acquired was very relevant for use in their current jobs. "The training will 
73 
enable me become an expert in helping cooperatives in all activities to achieve desired 
goals." 
Table 5. Benefits of training programs as described by participants 
1. Very beneficial and important because the concepts and skills acquired in storage 
management training would upgrade their level of knowledge in all aspects regarding storage 
management 
2. Training will contribute immensely and increase their knowledge that will aid in 
developing cooperatives in their respective areas of operation. 
3. Developing their current job careers at the cooperatives 
4. Knowledge for project planning and management, that is beneficial to our country. 
5. Knowledge and very valuable information was gained to train producers on postharvest 
loss minimization and storage 
6. Reading materials issued will be helpful and will enhance management of cooperative 
stores 
7. Training program was viewed as helpful in upgrading technical knowledge in agriculture 
8. Peasant farmers in my area are asking to organize themselves into cooperatives at the 
moment and I have learnt to organize the farmers and bring them together in order that we 
can solve problems collectively 
9.1 will help by training farmers in sanitation to keep storage clean and to build rat proof 
storage 
10. Group discussions were highlighted by participants who stated that they gained a lot 
especially among trainees during discussions where they exchange experiences from 
different geographical regions 
Cooperative development 
Participants reported that training would aid in developing cooperatives in their 
respective areas of operation. Training programs helped them acquire essential knowledge 
that will greatly enhance their activities in cooperative stores as well as improving and 
building on basic cooperative franchise that would be greatly enhanced. One participant 
pointed out, "I got training and gained essential skills and knowledge on store management 
that I did not have before and I will use these skills and knowledge to train my cooperative 
society. The training will benefit me in my daily activities. Every training program pushes us 
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a step ahead." As one participant stated it, "the training was very important and helpful to me 
because it is important to understand store management. The reading materials you gave us 
will be helpful in our region and will enhance management of cooperative stores in a modern 
and systematic way." 
Producers and cooperative workers 
Additional knowledge and very valuable information was gained to train producers 
on postharvest loss minimization and storage. Some participants expressed that they gained a 
lot from the training and will prepare training programs for their staff and producers that will 
help improve their performance and their future careers. The training program was viewed as 
helpful in upgrading technical knowledge in agriculture... "I feel educated and I now know 
my weak areas in solving problems in cooperatives in my area ... training are the key for any 
development and therefore I should be given this training for about a month and then I 
participate in three to four workshops every year." 
Other participants expressed major benefits from training and were going to initiate 
training programs for their cooperative staff and producers in their areas of operation. "The 
training was excellent and I got a lot of information that will give me comprehensive 
knowledge that I can use to train producers and cooperative workers ...." In western Ethiopia 
where I come from, there are lots of pests such as rodents, insects, birds, and diseases and 
farmers cannot afford pesticides, therefore I will help by training them in sanitation to keep 
storage clean and to build rat proof storage." 
"The training is very important to me because I will train producers what I have learnt 
especially in constructing storages and maintaining them to avoid losses. The training 
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increased my knowledge and I gained more interest to train producers." One participant 
pointed out that the training refreshed mind and memory and it equipped the participant with 
new tools and knowledge that would help to train co-workers and cooperative members in 
their respective area of operation... The training would improve skills and will change 
producers and cooperative staff attitudes. Majority of participants believed the training would 
highly benefit cooperative staff and producers. 
Impact 
On the impact of training at the grassroots level, a participant commented that, "The 
training programs have benefited me so much that many peasant farmers in my area are 
asking to organize themselves into cooperatives at the moment and I have learnt to organize 
the farmers and bring them together in order that we can solve problems collectively." The 
training helps me to understand and solve farmers and producers problems in many ways." 
Other participants did not know information on postharvest losses and storage before 
this training and said they would use the information in their cooperatives to benefit the 
community... "I benefited and gained a lot of experience in the training program particularly 
in the area of integrated pest management (IPM)." 
Several participants however thought that the training given so far was not enough to 
benefit cooperative staff and producers and that more training was needed. They went on to 
point that training had not benefited farmers on the grassroots due to lack of finance to fund 
training programs. "The training is very beneficial to peasant farmers but shortage of finance 
hinders any training programs for peasant farmers in my area." One participant thought that 
the staff and producers should be let alone to judge whether the training programs would 
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benefit them. Other participants strategize on training cooperatives and then wait for a 
feedback to gauge the impact of the training. 
Other participants had already trained their staff and producers and they believed the 
producers and cooperative staff thus trained were experts in many ways... "My staff knows 
how to organize cooperative stores." Based on the skills gained from the training, more 
participants however expressed the need to select model farmers, train them and then the 
model farmers will in turn train other farmers in a farmer-to-farmer-program in a bid to 
improving agricultural production. 
Exchange of experiences 
Participants stated that they gained a lot especially among trainees during discussions 
where they exchanged experiences from different geographical regions and highlighted 
importance of group discussions... "I will put the shared experiences from the training and 
discussions into practice and I will train the farmers when I go back to my region. I learnt 
new information and I gained a lot from other participants' experiences and successes and 
that encouraged me to double my efforts and work towards improvement of my cooperatives 
and farmers ... I gained more skills and knowledge from the training and by sharing 
experiences from other participants." 
The training gave good ideas that would enhance knowledge and encourage building 
good links and contact between farmers, cooperative managers, extension agents, and 
researchers. "Training will create awareness among extension, cooperative staff and 
communities in my area and I will put theory into practice once I go back to my region." 
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Agricultural productivity 
The training programs would help improve productivity in agriculture and to enhance 
this productivity the participants suggested that they would give short-term training and on-
the-job training to benefit the producers and cooperative staff... "I will pass the information 
gained to farmers and my staff for them to benefit too.. .in improving agriculture. The 
training was excellent, very clear and will play a great role for future training in my 
community to make them think better and to make better decisions in agricultural 
production" The training was viewed as highly beneficial to producers in efforts to minimize 
yield losses due to poor postharvest loss management. Good storage and crop rotation were 
viewed as important strategies in sustainable agriculture for postharvest loss minimization. 
In summary, training programs on sustainable agricultural practices for postharvest 
loss minimization and storage were conducted in Ethiopia between 1999 and 2003 and 
participants were asked to comment on the benefits that they gained from these programs. 
Participants commented that the programs were very beneficial, important, and they 
contributed immensely to increase their knowledge base. The programs also helped 
participants build their current job careers at the cooperatives, their country, and reading 
materials provided will be helpful in enhancing management of cooperative stores. Group 
discussions were viewed as very beneficial to participants and out of these discussions, ideas 
were generated that would help these programs reach and benefit farmers at the grassroots. 
An educational program model suggested in the next section would help break the barriers 
that prevent flow of information among the stakeholders. By using experience of the 
researcher and information from participants, we can use the case study of Ethiopia to 
develop an educational model to break communication barriers. 
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Objective 3: Adult Agricultural Education Program Model for the Delivery of the 
Technical Information 
This case study grew out of the need for improved communication for development 
projects in Ethiopia aimed at improving the exchange of agricultural information among 
researchers, experts, cooperative societies, extension networks and farmers in the agricultural 
regions of Ethiopia. This case study highlights the need to address inadequate links between 
farmers, cooperatives societies, extension systems and agricultural research information. 
Cooperative managers and promoters in this case study indicated that there were 
communication barriers and a systems breakdown for the greatly needed sustainable 
agricultural information and knowledge at the grassroots (Figure 4 & 5). 
According to participants, extension personnel are busy collecting taxes from farmers 
on behalf of the government rather than helping farmers with needed sustainable agricultural 
development programs. Available research trickles down to the ill-equipped and unmotivated 
extension personnel and little or no technological information reaches the farmer at the 
grassroots. Cooperative managers and promoters are currently being trained by experts 
through rapid appraisal programs and are receiving technology and information to propel the 
growth of cooperative societies and increase agricultural productivity and rural incomes. 
However, the information and technology thus received by the managers and promoters does 
not reach the farmer at the grassroots in any way considered significant. Extension personnel 
are not participating in these training programs and are completely left out. The cooperative 
managers and promoters identified problems and their underlying causes and indicated the 
limited impact, which sustainable agricultural information and communication have since 
they are not coordinated with other services and systems. All the actors involved in the 
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programs need to be identified in order to develop sustainable agricultural information 
linkages that are helpful to meet the farmer's needs. 
Given the situation with extension education in sustainable agriculture and problems 
in postharvest loss and storage in Ethiopia, a model to deal with the problems is presented in 
(Figures 6 & 7). Farmers need to develop some knowledge and skills and should play a major 
role in the model. Farmers communicate with multiple sources of information to gain and 
enrich themselves with skills and a knowledge base. Having a model to follow and map 
communication networks in agricultural systems and rural development in Ethiopia would be 
helpful to all stakeholders. The model highlights the involvement of the farmer and the 
multidisciplinary team of experts. A sustainable agricultural knowledge and information 
network is an interaction among individuals and institutions that include researchers, public 
sector workers, private industry tradesmen, non-governmental organizations and farmers. 
Findings from this study and concerns raised by participants about barriers in communication 
suggest the development of a working educational model with a plan of activities conducted 
by a multidisciplinary team of experts and farmers to address the situation. A 
multidisciplinary approach to the implementation of educational programs that focus on 
sustainable agricultural practices for postharvest loss minimization, storage and store 
management should be developed to solve postharvest loss problem, environmental concerns, 
social well being, food security and safety, and to maximize food production. A suggested 
model has various components, each component of the model is connected with a line, and 
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Figure 4. A model describing the current situation with Extension Educational programs in 
Ethiopia (dotted line = trickle; solid line = undeterred flow) 
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Figure 5. A model describing the current situation on the role of cooperative promoters and 
managers in postharvest educational programs in Ethiopia (dotted line = trickle; 
solid line = undeterred flow) 
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Figure 6. A model for incorporating a multidisciplinary team of experts for educational 
programs in Ethiopia 
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Figure 7. A model for incorporating sustainable agricultural practices in postharvest loss 
minimization into educational programs 
84 
all of them are interdependent. Emphasis on all the components is important for the overall 
model to function. 
The model indicates that the educational institutions and the multidisciplinary team of 
experts should develop technical and scientific information that caters to the needs of farmers 
for postharvest loss minimization and storage. Needs assessments have to be carried out to 
understand the needs of farmers at the grassroots level. Educational programs have to be 
planned jointly with farmers and agriculture experts. Educational institutions should develop 
scientific information and technology that caters to the farmers' individual needs in 
postharvest losses and storage. Accurate information should be made available for the 
educational programs in postharvest loss minimization and storage. Educational institutions 
should take a leadership role to disseminate information through appropriate media, 
publications, workshops and training. From the researcher's experience in these regions of 
Africa, there is isolation and detachment between educational institutions and the rural 
community and research does not seem to help the immediate rural community. This 
situation needs to be reversed by breaking the barriers and boundaries that block 
communication and free flow of information. 
A multidisciplinary team of experts such as entomologists, agriculturalists, plant 
pathologists, agriculture economists and sociologists from educational institutions, donors, 
NGOs, private sector, and related government departments should work together in order to 
achieve an ultimate goal of sustainability in agriculture for postharvest loss minimization and 
storage. Needs assessment have to be conducted working together as a team of experts and 
farmer to develop practical solutions for postharvest loss minimization, storage and 
sustainability in food production. Experts should train cooperative managers, promoters and 
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extension agents through formal and non-formal educational programs such as workshops, 
seminars and in-house training programs. Information and knowledge thus gained by 
cooperative managers, promoters and extension agents would be used to train staff in 
cooperative stores and farmer leaders who will in turn help to train farmers at the grassroots. 
Institutions of research and higher learning are still the main credible source of 
information for technology that producers trust. Cooperative managers and promoters 
indicated that in their communities, the agricultural research information that reached 
producers was limited and in most cases inadequate. Farmer's primary source of information 
was other farmers or information handed down through generations. Agricultural extension 
workers were not meeting the needs of farmers. The agricultural research information handed 
down from researchers to agricultural extension for transfer to farmers were not reaching 
grassroots. There was clearly a broken link between research and farmers. There is need to 
train and retrain the agricultural extension worker to be a facilitator, train them on 
communication skills and redefine their roles. 
The Extension service has a major role to play in the farmer educational programs. 
Reports from participants and some farmers in this study indicated that Extension in Ethiopia 
was not effective and government does not pay a lot of attention to extension except 
collecting taxes from the farmers. This case study highlighted the need for retraining 
extension workers, mobilization, motivation and increased extension services to the 
community. Extension workers should be specifically trained on sustainable agricultural 
practices to minimize postharvest losses and storage. Armed with this knowledge and 
information, extension should engage farmers in training when they do their daily routine 
field visits. An informal setting of adult education through seminars, workshops, field 
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demonstrations, field days and trials should be conducted by farmers and extension agents for 
the purpose of learning about sustainable agricultural practices to deal with problems in 
postharvest losses and storage. 
Cooperative managers and promoters need to be trained through workshops, seminars 
and demonstrations. The information and knowledge thus received can therefore be used to 
train other cooperative workers and farmer leaders. Farmer leaders and cooperative workers 
should use the information and knowledge gained to train farmers at the grassroots through 
farmer-to-farmer programs, workshops, field demonstrations, visits to other successful 
cooperatives and training at the cooperative store level when farmers visit for various 
business activities. Information in form of posters and publications about sustainable 
agricultural practices for postharvest loss minimization and storage should be readily 
available for the farmers at the cooperative stores. 
Trials, demonstrations and field learning should be designed based on specific needs 
of the farmer. Diversity among farmers should be considered when developing the programs 
hence diversified educational approaches should be developed to cater for individual farmer 
needs. It is hoped that farmers who participate in sustainable agricultural programs for 
postharvest loss minimization and storage would share the information with other farmers 
through the farmer-to-farmer approach. 
Farmers should be able to observe and evaluate programs together with the team of 
experts. Farmer participation will be based on the usefulness and economic advantage of the 
program. Bird et al. (1995) indicated that the economic factor was a major barrier to the 
adoption of sustainable agriculture and therefore successful experimentation and observation 
should help farmers to adopt technology based on the benefits that they can perceive from the 
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program. A collaborative follow-up of the program in form of evaluation, feedback, and 
impact is needed for sustainability of the program. Sustainable agricultural programs for 
postharvest loss minimization and storage will be considered sustainable if they meet the 
farmers' needs, are profitable, economically viable, and environmentally sound and are 
socially acceptable. 
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CHAPTER 5. DISCUSSION 
The purpose of this study was to use a series of adult educational programs conducted 
in a developing country as a case study of adult extension education challenges and how 
these challenges could be met. The specific objectives of this study were to: 
1. Describe an adult education training program in sustainable agriculture in a selected 
country in Africa. 
2. Identify problems described by participants in specific areas of sustainable 
agriculture. 
3. Develop an improved adult agricultural education program model for the delivery of 
the technical information related to specific sustainable agricultural practices. 
Training programs were conducted in Ethiopia for cooperative managers and promoters for 
five years. The cooperative managers and promoters would use the information and 
knowledge thus acquired to train producers in their respective regions of operation. 
The rationale for having Ethiopia for this study is because the country is affected by 
draught over many years and this brought the world's attention to support in agricultural 
development and food security. Similarly, there are many other countries in Africa that have 
been devastated by calamities including draughts, floods and wars that need immediate 
attention to neglected key food security measures such as postharvest losses and storage 
among others. 
Objective 1: Adult Education Program in Sustainable Agriculture in Ethiopia 
Mention "Ethiopia" and most people start talking about "feed the world?" However, 
according to the World Factbook (2002), this East African nation has a lot more to offer than 
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just food aid and images of starving children that frequently capture the media. Addis Ababa 
is the capital city with a population of 3 million. The major industries in Ethiopia are 
agriculture, forestry and agricultural processing (Lonely Planet.com, 2002). Ethiopian 
agriculture can be related with Midwestern U.S., agriculture with heavy emphasis on 
traditional crop and livestock production. According to Jamtgaard (1995), demand for labor 
to do sustainable agriculture is a year round endeavor. However, for successful sustainable 
agriculture, labor is not a limiting factor in Ethiopia because the majority of the population 
(80%) is involved in agriculture. 
Ethiopia is a landlocked nation in the horn of Africa (Ethiopian Embassy.org, 2002). 
The country is mainly a high central plateau. The Great Rift Valley and deep gorges are 
among the fascinating features of the land. The major agricultural areas of Ethiopia (10% of 
the land) are the flood plains of the Blue Nile, the western region and the highlands used for 
subsistence agriculture (Ethiopian Embassy.org, 2002). Just like in the Midwestern US, the 
Ethiopian subsistence agriculture is a typical conventional farming enterprise. The 
government policy in the Midwest tended to favor conventional farming systems (Bird et al. 
(1995). The Cooperative Bureau in Ethiopia favors a similar system in a bid to end hunger 
that threatens Ethiopia over the years. 
Ethiopia's forests are declining at a very high rate (Lonely Planet.com, 2002). In the 
past 25 years, 77% of forests were taken down for fencing, firewood and building shelter. 
The Australian eucalyptus, an exotic tree, was planted in many parts of Ethiopia to restore 
some forest cover. Unfortunately, although the trees grow fast, local animals do not like to 
feed on them, nothing grows around the tree's roots, and therefore eucalyptus forests are left 
exposed to soil erosion (Lonely Planet.com, 2002). Ethiopia's dramatic geographic contours 
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were formed through soil erosion over one million years and probably form the most 
spectacular scenery on the world (Ethiopian Embassy.org, 2002). Ethiopia is one of Africa's 
largest coffee producers after Uganda and Ivory Coast. The finest and rarest organic coffee in 
the world is produced in the highlands of Ethiopia. The country has one of the largest 
livestock resources in the world (Ethiopian Embassy.org, 2002). 
According to Bultena et al. (1992), a majority of farmers in Iowa believed that they 
could adopt sustainable agriculture if they reduced the acreage. Bird et al. (1995) showed that 
an Iowa average conventional farm is about 578 acres while a sustainable farm is about 375 
acres. In contrast, Ethiopian agricultural land is owned by the government and is leased to 
farmers in small acreages averaging one to five hectares. Land size is manageable and is 
therefore not a limiting factor for farmers to adopt sustainable agriculture in Ethiopia. Parr et 
al. (1990) emphasized that sustainable agriculture is not favoring large, capital-intensive 
monoculture farming and is promoting the smaller traditional family-type farm. Adoption of 
sustainable agriculture in Ethiopia is, therefore, favored by the current land utilization of 
small traditional family-type farms. 
There is limited access to information, knowledge and technology for the Ethiopian 
rural community. Rural poverty and isolation is prevalent in that farmers are poor and there is 
absence of extension services at the grassroots level. There is also lack of capacity building 
and knowledge and the government's strategies do not include pastoral-agro-agriculture. 
There are minimal field demonstrations for Ethiopian farmers to improve their agricultural 
practices and limited knowledge in sustainable agriculture resulting to poor yields. There is 
lack of access to modern agricultural technology, lack of adequate training for producers and 
lack of commitment by stakeholders. It was reported that cooperative promoters were not 
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very dedicated to their work in educating and helping farmers realize their goals in food 
production. 
Duffy and Chase (1989) believed that attitude and fear to adopt new technology 
hindered transfer of knowledge in sustainable agricultural practices in the United States. In 
Ethiopia, the main factors hindering access to education, knowledge and information are 
poverty, poor yields, low income, illiteracy, poor land policy, poor land use and poor 
infrastructure. Lack of educated personnel and skilled work force was prevalent. Extension 
experts and other agricultural workers were not willing to live in the rural areas due to 
shortage of facilities such as electricity, telephone, clean water and transportation. 
Continuous droughts, desertification and floods hindered farmers from practicing sustainable 
agriculture. 
Jamtgaad (1995), Hanson et al. (1995), and Taylor et al. (1995) indicated that farmers 
had concerns about use of sustainable agriculture in the United States. They were concerned 
about pest problems, feared reduction in yields, reduced profits and lack of enough 
information on sustainable agriculture. In Ethiopia, cultural beliefs, religious beliefs, 
traditional practices, political instability, lack of capital to apply technology, and poor 
government policies are other barriers that prevented farmers from gaining access to 
information and knowledge in order to adopt sustainable agriculture and modern technology. 
Government developmental policies were formulated by the government for the rural people 
and did not reflect the needs of cooperative societies. Absence of a holistic developmental 
approach hindered access to information in sustainable agriculture. The government seeks 
political loyalty from farmers rather than rural development issues. Government and NGOs 
do not provide timely and adequate training to farmers who are illiterate and poor and there is 
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lack of follow-up programs. Majority of farmers practice traditional methods of farming and 
feared to take any risks in change since they were poor subsistence farmers concerned more 
on producing enough to feed their families. Young et al. (1991) classified farmers into three 
categories namely conventional farmers, sustainable farmers and traditional farmers in the 
United States. Most farmers in Ethiopia fall in the traditional farmer category and therefore, 
there is need to support strong educational programs in sustainable agriculture to alleviate 
poverty and enhance food production. 
Participants reported that beneficiaries of the training programs who included 
cooperative managers and promoters in Ethiopia were not motivated to train other 
cooperative workers and producers. Kotile (1998) suggested that most United States 
extension personnel themselves were not fully convinced that sustainable agricultural 
practices would improve yields. Therefore, if people who are supposed to deliver educational 
information are not sure of the program, then the message will not be delivered. The 
continuity in education from trained cooperative personnel to cooperative workers and 
farmers could be realized by training of cooperative workers who would in turn train farmer 
leaders and farmers at the grassroots level. 
Other factors hindering knowledge and information in sustainable agriculture in 
Ethiopia included poor methodology of training as well as lack of adequate training programs 
for farmers in many parts of Ethiopia. Visits to farmers by extension agents are non-existent. 
Extension services are not provided consistently and the government does not support 
extension. There is poor supervision. The government gives very little attention to the 
important field of agriculture. There is a shortage of well-trained extension workers in 
sustainable agriculture. Majority of farmers do not understand sustainable agriculture. 
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Governmental and non-governmental organizations did not exist in many areas to give 
producers information in sustainable agriculture. 
Most farmers are poor and cannot afford agricultural inputs and lack of inputs such as 
pesticides hindered sustainable agriculture. There was negligence in agricultural practices by 
producers and quality was not their concern. Inadequate research information was also a 
barrier to sustainable agriculture. Demonstrations if they existed were not located in strategic 
locations for all to view. A report by Swoboda (1994) indicated that 35% of the farmers in a 
survey conducted in Iowa made amendments in their nitrogen application because of field 
demonstrations. Francis et al. (1990) has also reported that demonstration plots were very 
helpful to local farmers in crop production in Nebraska. 
Limited access to recommended inputs and inability to predict the market also 
hindered sustainability. Participants went on to point out that there were limited resources in 
the rural farmland and lack of exposure to agricultural technology. Farmers also depended 
only on rainfall yet Ethiopia has a rich resource of land and water for irrigation. 
Gebre (2001) reported that extension workers from the Ministry of Agriculture, 
technical staff from Sasakawa and field extension workers contributed immensely to the 
adoption of hybrid maize varieties by small-scale peasant farmers at the grassroots. This 
information however contradicts reports by program participants and farmers visited during 
the training programs. Cooperative managers and promoters had perceptions and views that 
the extension people were only busy collecting taxes and were not concerned with educating 
the peasant farmers. Participants indicated that extension services do not reach farmers. 
Participants indicated that extension services were needed related to postharvest loss 
minimization and storage. The class also visited some farmers' homes and it was realized that 
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the agricultural extension agents had not been working with the farmers in Amhara and 
Oromia regions. Participants were agreeable that more extension programs were needed. 
There was need for extension to identify sustainable farming, knowledge and 
information needed by sustainable agriculture farmers, and the best way to work with farmers 
(Hanson et al., 1995). Then the educational approaches could be identified to facilitate the 
development of the programs and strengthen the growth of sustainable agriculture practices. 
This approach clearly indicates the need for educational programs in sustainable agriculture 
practices. Cooperative managers and promoters in their comments emphasized the need for 
extension service in Ethiopia to start getting involved and organize education programs to 
educate farmers in sustainable agriculture. 
Bultena et al. (1992) indicated that some farmers in Iowa did not use some 
sustainable agricultural practices and were not planning to adopt them. Cooperative managers 
and promoters in this study indicated that farmers in Ethiopia used very little sustainable 
agricultural practices, which included crop rotation, and cultural practices. The study 
revealed that only a few selected sustainable agricultural practices are actually used by 
farmers in the study and educational programs need to put an emphasis on the awareness 
step. Educational programs need to tackle individual problems as they arise. Special 
emphasis needs to be put on the selection of a combination of procedures on sustainable 
agriculture. Combinations of the practices will not only minimize postharvest loss problems 
but will also contribute to a safer environment. In general, the respondents indicated that 
farmers sometimes used cultural practices because they were familiar practices that were also 
economically viable for peasant farmers. Educational programs should emphasize a 
combination of agricultural practices to minimize postharvest losses. By combining cultural 
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practices, sanitation, crop rotation, and low pesticide inputs, farmers could reap the benefit of 
yield increase as well as adequately controlling most of postharvest loss problems in the field 
and in storage. 
Crowder et al. (1998) conducted research in response to the need by FAO for a review 
of curricula and teaching in agriculture. It was realized that some common problems affected 
teaching of agriculture in the Third World countries. There was constraint in context, changes 
in agriculture employment, financial problems, agriculture being relegated and marginalized, 
and poor relationship between agricultural education and research and extension. The study 
also indicated that auricular emphasized quick scientific progress and technical change. 
Gender, the role of women in agriculture and population issues needed to be included in 
agricultural education. Educational processes needed to emphasize pre-service education of 
extension workers. 
Training programs were perceived by respondents as very beneficial and important 
because the concepts taught in sustainable agriculture improved knowledge and skills for 
cooperative managers and promoters to pass on to farmers. Kotile (1998) indicated that 
farmers were interested in learning more about sustainable agricultural practices that would 
help them in farming. Farmers were more likely to learn more about practices that they were 
already aware of than start new practices. However, the respondents expressed the fear that a 
lack of finance, transportation, and poor government incentives might delay implementation 
of the programs in their respective zones of operation. Cooperative managers and promoters 
expressed hope that the training programs would help improve productivity in agriculture and 
enhance training for producers and on-the-job training for cooperative workers. Cooperatives 
need to generate their own income through aggressive business and marketing in order to 
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self-sustain rather than rely on their government for support in implementing these programs. 
Comments on the factors that hindered producers from acquiring available 
information and knowledge in sustainable agriculture indicated that there was limited access 
to information, knowledge and technology, and there was a general absence of extension 
programs at the grass roots level. Farmers were poor and there was also a lack of capacity 
building and incentives from government. Other hindering factors included poor yields, low 
income, illiteracy, poor land policy, poor land use and poor infrastructure. Government's 
strategies did not include pastoral-agro-agriculture and there were no field demonstrations for 
Ethiopian farmers to improve their agricultural practices. Continuous droughts, hunger and 
desertification also hindered transfer of information in sustainable agriculture practices. 
Participants suggested that the government needs an overhaul of its policies on agriculture, 
practiced by over 80% of its population. 
General comments and suggestions by cooperative managers and promoters 
suggested that the training programs covered were very important agricultural issues based 
on facts and reality about what was happening worldwide, what the future will be, and why 
and how sustainable agriculture should be practiced. Participants appreciated all of the 
information provided during the training sessions. Sustainable agriculture requires a 
sustainable training program, which is based on the producers needs. Merely giving money, 
inputs and food donations will not change the living standards of the producers and, 
therefore, sustainable training is essential for cooperative managers, promoters and farmers. 
Although sustainable agriculture is important to farmers in increasing food production, 
informational resources are limited. Thus, farmers need more hands-on experiences in 
applying sustainable agricultural practices. Sustainable agricultural practices are important 
for improvement of agriculture. Therefore, intensive training programs should be provided 
for all cooperative managers, promoters, farmers and government extension workers. It is 
also essential that field demonstrations be carried out in the farmers' fields. 
Objective 2: Problems in Postharvest Loss Minimization and Storage in Ethiopia 
A report from FAO (1997) indicated that about 70 to 80 percent of grain produced in 
rural villages of most African countries is stored by families in various household storages. 
Postharvest losses are estimated at 30 to 45 percent in storage. There are efforts to train 
farmers with postharvest technologies and skills to enable them to store their grain much 
longer while they wait for prices to improve. Prices are very low in many African countries 
in the harvest season and prices rise over time in the season year (FAO, 1997). Participants 
indicated that farmers in Ethiopia lacked knowledge and information in postharvest losses 
and storage. Respondents also indicated that farmers encountered losses of produce during 
harvesting, shelling, threshing, harvesting grain above or below recommended moisture 
content, poor packaging, during transportation and in storage. Other losses occurred through 
fire, floods, theft, rain, rats and mice, insect pests, diseases, dogs, monkeys and apes. 
Participants reported that there were no proper storage procedures and the majority of 
farmers did not care much about proper grain storage. They were more concerned with 
finding food to feed family as an immediate need. Traditional grain storage constructed of 
wood, mud and grass thatch roof was used for storage of grain. Views and perceptions from 
the participants indicated that construction of a proper and improved storage igota and 
gotera) was not a priority in farming operations yet it could minimize postharvest losses. 
However, the researcher gave printed information on how to construct and restructure a new 
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improved gotera raised one meter above the ground and with rat guards. A film was also 
shown on storage of grain in Kenya and the construction and restructuring of the old goteras 
using local and less expensive materials such as grass and reeds. 
Sources of information in postharvest losses is gained through farmers own 
experience in the farm, farmer-to-farmer, and on rare times from experts in the district, zonal 
and regional agriculture offices under the Ministry of Agriculture, field days, Agricultural 
Bureau offices, agricultural development offices and development agents sent by the 
government. Grain storage practices were learnt from parents, from generation to generation, 
village elders, friends, culture, past experience and extension agents at times. 
Some United States fanners believe that the farming practices they have followed for 
generations were sustainable and there is nothing new in the current sustainable agriculture 
(Kotile, 1998). Current practices used to minimize or prevent postharvest losses in Ethiopia 
include trying to harvest at the right grain moisture content sometimes when the weather 
allowed. Farmers did not pay a lot of attention to cleaning their grain and storing it in sacks 
at the right storage moisture. Sometimes they practiced sanitation of the storage. 
Construction of a modern storage (gota and gotera) elevated above the ground was rare. 
Farmers sometimes practiced cultural practices and proper crop production when 
finances allowed. Respondents indicated that farmers sometimes planted their crops early and 
they used firebreaks to prevent fire losses. Cultural practice is an important tool that every 
farmer is concerned. Cultural practices for proper use of soil means economic stability, good 
stewardship of the soil as a non-renewable resource base and conservation of the 
environment. Many families in developing countries depended on farming and proper 
practices generally contribute to the conservation of soil and water catchments, high yields, 
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environmental sustainability and conservation of natural resources (Lai et al., 1990). 
Producers around the world are always interested in Educational programs and 
learning more about agricultural practices, which they readily accept if they would increase 
yield and enhance their livelihoods. Rogers and Shoemaker (1971) suggested that, before 
adoption takes place, a farmer must be made aware of the problem, gain some interest, 
evaluate situation, try technology, and then adopt. General lack of incentives, interest, 
knowledge, and information, are some barriers in adoption of sustainable agriculture 
practices for postharvest loss minimization. 
Participants reported that protective clothing was rarely used when applying 
pesticides in Ethiopia. Edwards (2004) also reported that horticultural production in Ethiopia 
is on the rise and agrochemical use has consequently risen. Producers however do not use the 
chemicals safely and do not practice correct application of pesticides. Malathion and DDT 
were used on chat, a chewable herb, yet these pesticides have been banned the rest of the 
world due to their lethal toxicity to humans and the environment. Safe use programs are 
needed in Ethiopia and the rest of Africa to save human life and the environment. It has 
however been reported in Tanzania that some women groups have been educated and trained 
on improved postharvest technologies and skills to minimize losses. These technologies also 
include safe use and handling of pesticides (FAO 2000). 
Integrated pest management in sustainable agriculture practices is a useful component 
in postharvest loss minimization of crop and produce and it was clearly missing in the fields 
of production. Integrated control of pests emphasizes selective use of pesticides to conserve 
natural enemies in the agro ecosystem (Pedigo, 1996). Combination of integrated pest 
management strategies has long been recognized and successfully utilized for postharvest 
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loss minimization of crop and produce and maximization of food production. Sustainable 
agriculture emphasizes integrated pest management as an important component. However, 
application of integrated pest management strategies require knowledge by farmers about 
crop production, weed management, pest management in the field and storage, proper 
handling and storage of grain and other produce. 
Findings from this study revealed that some agricultural practices were useful in 
many ways to farmers. The adoption diffusion model by Rogers (1983) requires that farmers 
are made aware of the problem and to recognize postharvest losses. Farmers constantly need 
more technical information, assistance and support to make changes. Farmers need to be 
provided with up-to-date information regarding issues related to postharvest loss 
minimization and storage and the information has to be specific to the needs and interest of 
the farmers. To educate, one has to start with what farmers already know. There need to be 
more education provided on how to prevent or minimize postharvest losses in production 
fields and storage. 
Objective 3: Adult Agricultural Education Program Model for the Delivery of the 
Technical Information 
Ethiopia is a poor nation and most farmers have limited resources to work with as 
well as little or no formal education. Educational programs, extension and outreach need to 
be emphasized to make farmers aware of all sustainable agricultural practices information 
available. Padgitt and Lasley (1993) argued that extension personnel in the United States 
were not fully convinced on use of sustainable agricultural practices. Cooperative managers 
and promoters suggested that farmers were sometimes trained on sustainable agricultural 
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practices in Ethiopia. In Ethiopia, a few "extension programs" were reported that involved 
"hands-on practical manure production, treatment and applying in fields," "workshops," 
"visiting programs to other regions to share experiences," "credit, borrowing, and saving 
strategies." Others included, "training on marketing of produce," and "selection of model 
farmers whose fields and experience were used for demonstration and to train other farmers," 
"hands-on training on seed selection and other farm inputs," "visits to other successful 
cooperatives," "group discussions and one-to-one interviews." 
Other training strategies sometimes used by respondents included, "training model 
farmers for a week who in turn go back to their regions to train other farmers," "training 
farmers on sanitation to control rodents and insect pests." Others included, "training 
cooperative committee members," "ministry of agriculture extension service" and, "my own 
field demonstration on pest and weed resistant crop varieties, traditional farming methods, 
and modern farming technology. Success for these training strategies was minimal due to 
many barriers in the educational processes. 
Lack of knowledge and information in postharvest loss minimization and storage was 
a major concern by cooperative managers, promoters and the producers who were ready to 
adopt sustainable agricultural practices. Barriers such as poverty, hunger, poor land policy 
among others that block communication of educational information and knowledge should be 
removed. Kotile (1998) reported that agrichemical dealers are the best sources of information 
in the United States. Swoboda (1995) also reported a decline of universities as the source of 
information and that agrichemical dealers are the current best source of educational 
information in the United States. Universities in the United States have reduced research and 
extension. Agrichemical dealers are more involved in the fields of production and they have 
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invested more dollars on field trials and dissemination of information to farmers. Cooperative 
managers and promoters reported that in Ethiopia, a variety of educational resources could be 
used to enhance the overall educational programs in sustainable agriculture practices for 
postharvest loss minimization and storage in Ethiopia. 
Youngberg et al. (1993) stated that no one knows precisely what farming practices 
will be the most sustainable and, therefore, more research is needed prior to use of 
sustainable agricultural practices. More research is needed on sustainable agricultural 
practices to educate farmers on adoption and use of the practices if they were beneficial to 
crop production. Therefore, donor experts, researchers, Department of Agriculture, private 
industry, extension services and Cooperative Bureau need to work together with farmers as a 
team in order to solve postharvest loss problems and storage in Ethiopia. 
An interdisciplinary approach to agricultural education is needed in order to adopt 
sustainable agricultural practices for postharvest losses and storage. Education and training 
on appropriate technology based on the local needs, interest and situation was inadequate in 
Ethiopia and more interdisciplinary training programs approach was needed. Government, 
private sector, institutions, donors and NGOs should lead the way in providing viable 
educational and training programs to sustain much-needed agricultural production and food 
security in Ethiopia. 
Donor experts, private industry and researchers need to train cooperative managers, 
promoters and agricultural extension personnel who will in turn jointly train farmer leaders, 
cooperative staff and farmers at the grassroots. Research information from institutions need 
to be disseminated to producers via agricultural extension workers and the general media. 
Field demonstrations, publications in simple understandable language and field visits to other 
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successful cooperatives need to be encouraged. Follow-up programs are however needed. 
The donor agencies, private industry, the government of Ethiopia and program resource 
experts should ensure the follow-up programs by jointly conducting evaluation. This will 
reveal whether the information from the programs is reaching producers and assess the 
impact of the programs at the grassroots level. 
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CHAPTER 6. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
The purpose of this study was to use a series of adult educational programs conducted 
in a developing country as a case study of adult extension education challenges and how 
these challenges could be met. The specific objectives of this study were to: 
1. Describe an adult education training program in sustainable agriculture in a 
selected country in Africa. 
2. Identify problems described by participants in specific areas of sustainable 
agriculture. 
3. Develop an improved adult agricultural education program model for the delivery 
of the technical information related to specific sustainable agricultural practices. 
This chapter presents the summary, conclusions and recommendations based on the results of 
the study. The chapter is divided into the following sections: (a) summary; (b) conclusions; 
(c) recommendations; and d) implications to agricultural extension. 
Summary 
Participants in the study included 90 cooperative managers and promoters, and six 
farmers from rural Ethiopia. The cooperative managers, promoters and producers in the study 
acknowledged the importance of sustainable agriculture practices for postharvest loss 
minimization and storage. Farmers in Ethiopia are also interested in learning more about 
these practices for postharvest loss minimization and storage. The researcher's experience 
and perceptions of respondents revealed that there was a major problem in postharvest losses 
and storage and heavy postharvest losses were incurred through poor sanitation, pests, 
diseases, rodents, poor storage, shelling, transportation, rain and moisture among others. 
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Managers, promoters and producers recognized the fact that there is need for educational 
programs that will provide technical information regarding sustainable agriculture practices 
for postharvest loss minimization and storage. 
Perceptions from respondents and researcher's experience in Ethiopia and East Africa 
revealed that poverty, illiteracy, limited knowledge resource, infrastructure, poor government 
land policies, draught, floods and starvation were some of the limiting factors to the adoption 
of sustainable agricultural practices. There was a shortage of information related to 
postharvest losses and extension services were not effective. The extension services however 
may not be as bad as perceived by participants. Solving postharvest loss problems in Ethiopia 
is a major concern in crop production. Effective postharvest loss minimization is essential for 
sustained food security. Most producers in Ethiopia are traditional small-scale farmers who 
actively practice traditional agricultural practices. 
Perceptions from respondents and researcher's experience in Ethiopia revealed that 
several factors hindered the adoption of sustainable agricultural practices by producers in 
Ethiopia and postharvest losses and storage were a major factor affecting agricultural 
sustainability and food security. Poverty, lack of information, limited knowledge resources, 
infrastructure, poor government land policies, draught, floods and starvation were limiting 
factors to the adoption of sustainable agricultural practices for postharvest losses and storage. 
An interdisciplinary approach by research institutions, experts, NGOs, Ministry of 
Agriculture, extension and farmers is needed to solve the problems in postharvest losses and 
storage. On-farm demonstrations, field days, seminars, workshops, use of government 
extension workers, training cooperative staff to train farmers, visits to other successful 
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cooperatives and use of model farmers were identified as the most useful resources for 
postharvest loss minimization and storage. 
Conclusions 
In conclusion, findings from this study suggest that there is need to develop a 
framework for planning educational programs in sustainable agriculture for postharvest loss 
minimization and storage in Ethiopia. Perceptions from respondents and the researcher's 
experience in Ethiopia revealed that there was lack of information and knowledge in 
postharvest losses and storage. Participants perceived government extension as being 
ineffective in Ethiopia and went on to suggest that extension programs needed to be 
strengthened by retraining extension workers and giving them needed support and 
motivation. 
Perceptions from respondents and researcher's experience in Ethiopia revealed that 
there were problems in postharvest losses and storage in Ethiopia and heavy losses were 
incurred through pests, diseases, rodents, poor sanitation, poor storage, rain, moisture, 
shelling, packaging and transportation. It was further revealed that poverty, illiteracy, limited 
knowledge resource, infrastructure, poor government land policies, draught, floods and 
starvation were some of the limiting factors to the adoption of sustainable agricultural 
practices. 
Proposed strategies to solve problems in postharvest losses and storage included field 
demonstrations, training, making field visits to successful farmers and cooperatives, 
agricultural shows, farmer-to-farmer messages, seminars and workshops for producers. 
Others include, hands-on practical training, visiting other regions to share experiences, 
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selection of model farmers whose fields and experiences could be used for demonstration and 
to train other farmers, training on sanitation to control rodents and insect pests, and 
construction of modern storage. 
The models (Figures 6&7) are an educational strategy suggesting an interdisciplinary 
approach by higher educational and research institutions, experts, NGOs, donors, Ministry of 
Agriculture, cooperatives, extension and farmers to solve the problems in postharvest losses 
and storage in Ethiopia. 
Recommendations 
Participants' comments may be biased and recommendations and suggestions made 
may be influenced by this bias, and so the recommendations can only be reviewed in this 
context. The following recommendations and suggestions were made based on the views and 
perceptions of the participants in the study, literature reviewed, and the researcher's 
experience in Ethiopia and East Africa. 
The findings of this study indicated that agricultural extension and producers lacked 
access to specific knowledge and information about sustainable agricultural practices 
associated with postharvest loss minimization and storage. It is recommended that more 
training programs and extension work be focused on sustainable agricultural practices 
associated with postharvest loss minimization and storage. 
The respondents acknowledged the need for more information about sustainable 
agriculture related to postharvest loss minimization and storage. Sustainable agriculture 
education programs to deliver technical information in postharvest loss minimization and 
storage need to be developed for Ethiopia by a multidisciplinary team consisting of experts, 
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extension specialists, agriculturists, sociologists, anthropologists, agricultural economists, 
private industry, instructors, government policy makers, cooperative promoters and 
managers, and farmers. An educational program need to be developed for cooperatives to 
include specific information on different combinations of sustainable agricultural practices 
for postharvest loss minimization and their effectiveness and efficiency to safeguard the 
environment, improve economy, and ensure food security and health of the local 
communities. 
It is recommended that agriculture researchers, extension specialists, farmers, 
cooperative managers and promoters conduct on-farm trials specifically to answer related 
questions of postharvest loss minimization in the field and storage. Researchers and 
extension workers need to participate in on-farm trials and share their ideas with farmers and 
cooperatives through demonstration plots, field days, posters and radio. Information about 
sustainable agricultural practices associated with postharvest loss minimization and storage 
need to be made available to all cooperatives in order to enhance knowledge and boost crop 
production in Ethiopia. 
Extension specialists need to be retrained and motivated to become involved in 
sustainable agricultural practices for postharvest losses and storage. They should be trained to 
utilize local knowledge and experience of farmers who have been engaged in traditional 
farming practices in order to help facilitate educational programs. Farmers are aware of 
postharvest losses and have interest in solving these problems. Practices related to 
postharvest loss minimization and storage that is sustainable need to be emphasized in 
educational programs and the extension service. 
Educational programs for sustainable agricultural practices in postharvest loss 
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minimization and storage need to emphasize economic benefit, environmental soundness and 
social acceptability. Extension educators, cooperative promoters and managers need to know, 
interact, empathize and be on the same level of understanding with farmers in order to 
identify problems and help farmers come up with solutions that best serve the farmers needs. 
This study was limited to Ethiopia. This educational model could be tested and used 
in another country in Africa where postharvest losses and storage continue to affect food 
security. Another study is recommended in another African country with problems in 
postharvest losses and storage and the results be compared with the findings of this study. 
This will help to reveal the impact of postharvest losses on food security in the Third World 
where hunger continues to ravage lives. 
Sustainable agriculture needs to be introduced in schools and colleges in the Third 
World. International agricultural programs in developed nations need to form collaborative 
links with the Third World institutions of research and education specifically related to 
sustainable agricultural practices on postharvest losses and storage. Research is needed to 
investigate and strengthen the valuable local traditional sustainable agricultural practices for 
postharvest loss minimization and storage currently practiced in the Third World in a bid to 
integrate them with other innovations available. 
Implications to Agricultural Extension Education 
The findings of this study have implications to agricultural extension education and 
the major resources of extension education including extension specialists, researchers, 
agronomists, and education specialists, private industry representatives, NGOs, sociologists, 
government policy makers and farmers. The planning, development and dissemination of 
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education programs on sustainable agricultural practices for postharvest loss minimization 
and storage to cater for farmers with diverse needs requires a multidisciplinary approach. 
The results of this study indicated barriers in dissemination of information to farmers at the 
grassroots. If extension education is a key to solving the problem in postharvest loss 
minimization and storage the educational model for the delivery of educational programs 
needs to be initiated by forming a plan of activities by a multidisciplinary team of experts and 
farmers. Extension service has a major role to play in an educational model for adult farmer 
educational programs. 
I l l  
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APPENDIX A. QUESTIONNAIRE (QUANTITATIVE) 
Training Cooperative Managers about sustainable agricultural practices to minimize 
crop and produce losses and to maximize food production 
Part I: Perceptions regarding sustainable agricultural practices 
Directions: Please indicate the extent to which you agree with the following statements as they relate 
to sustainable agricultural practices to minimize losses and maximize production. 
Key 
SD = Strongly Disagree 
D = Disagree 
N = Neutral 
A = Agree 
SA = Strongly Agree 
Please Begin 
1 Sustainable agriculture is important to farmers in your SD D N A SA 
2 Sustainability in agriculture enhances natural resources SD D N A SA 
and good crop yields 
3 Farmers need to have knowledge in sustainable SD D N A SA 
agriculture in order to minimize crop/produce losses 
4 The use of sustainable agriculture practices in your area SD D N A SA 
requires major changes 
5 The use of sustainable agriculture practices would SD D N A SA 
minimize pesticides use and increase pest species 
6 The use of sustainable agriculture practices is SD D N A SA 
important in post-harvest loss minimization 
7 Integrated pest management (IPM) is a very important SD D N A SA 
tool in sustainable agriculture 
8 Most farmers would use sustainable agriculture SD D N A SA 
practices if these practices did not require more use of 
pesticides 
9 Most farmers would adapt sustainable agriculture if SD D N A SA 
crop yields increased 
10 Farmers in your area understand that sustainable SD D N A SA 
agriculture enhances the quality of the environment 
11 Educational programs in agriculture should be offered SD D N A SA 
to help farmers understand sustainable agriculture 
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12 Sustainable agriculture should be incorporated into SD D N A SA 
agriculture extension education 
Part H: Use of sustainable agriculture practices in crop and produce loss minimization 
Directions: The items in this section are sustainable agriculture practices for crop and produce loss 
minimization. To what extent are they being used in your area? 
Please respond by using the following scales. 
KEY 
1 = Not at all (NA) 
2 = Very little (VL) 
3 = Sometimes (S) 
4 = Often (O) 
5 = Always (A) 
PRACTICES: USE 
NA VL S 0 A 
Low input of pesticides to control pests 1 2 3 4 5 
Biological control 1 2 3 4 5 
Mechanical control 1 2 3 4 5 
Cultural practice 1 2 - 3 4 5 
Sanitation in field and storage 1 2 3 4 5 
Exclusion for pests and rodents 1 2 3 4 5 
Prevention 1 2 3 4 5 
Cultural practices 1 2 3 4 5 
Use of pest resistant varieties 1 2 3 4 5 
Crop rotation 1 2 3 4 5 
Soil fertility management 1 2 3 4 5 
Residue management 1 2 3 4 5 
Therapy 1 2 3 4 5 
Refrigeration 1 2 3 4 5 
UV-radiation 1 2 3 4 5 
Integrated pest management 1 2 3 4 5 
Clean aerated granaiy/store I 2 3 4 5 
Granary raised above ground with collar 1 2 3 4 5 
Use of dunnages/pallets in store 1 2 3 4 5 
Harvesting at recommended moisture content 1 2 3 4 5 
Recommended piling of bags with produce 1 2 3 4 5 
Proper packaging of produce 1 2 3 4 5 
Proper transportation of produce 1 2 3 4 5 
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Part HI: Educational strategies to pass on knowledge acquired to the producers 
Directions: The following educational strategies are used to communicate information to farmers. 
Please read the statements and indicate the level of importance of each strategy in your area. 
Please respond by using the following scales. 
1 = Not important 
2 = Little importance 
3 = Somewhat important 
4 = Important 
5 = Very important 
STRATEGIES: LEVEL OF 
IMPORTANCE: 
NA VL S 0 A 
Field demonstrations 1 2 3 4 5 
Agricultural shows 1 2 3 4 5 
Bulletins/books/posters 1 2 3 4 5 
Personal communication at the store 1 2 3 4 5 
Government extension workers 1 2 3 4 5 
Training your staff to train farmers 1 2 3 4 5 
Your own farm demonstration 1 2 3 4 5 
Organizing seminars for producers 1 2 3 4 5 
News media (Radio/TV/Daily paper) 1 2 3 4 5 
Use of local politicians 1 2 3 4 5 
Address women groups 1 2 3 4 5 
Managers making field visits to farmers 1 2 3 4 5 
Involving local schools/colleges 1 2 3 4 5 
Use of rich private companies/suppliers 1 2 3 4 5 
Farmer to farmer messages 1 2 3 4 5 
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Part IV: Demographic information 
Directions: Please respond to the following questions by checking the appropriate answers or filling 
in the blank to describe your characteristics. 
1. Please indicate by check marks the position that you hold 
Coop Store manager 
Coop Promoter 
Accountant 
Program officer 
Other, please specify 
2. How many years have you worked for the Coop? years 
3. How many staff work under you? 
4. Give a close estimate of the number of farmers in your area 
5. How many Coop stores are in your region? 
6. How many Coop stores are under your control? 
7. Please indicate the training methods that you use to train producers 
Field demonstrations 
Agricultural shows 
Bulletins/books/posters 
Personal communication at the store 
Government extension workers 
Training your staff to train farmers 
Your own farm demonstration 
Organizing seminars for producers 
News media (Radio/TV/Daily paper) 
Use of local politicians 
Address women groups 
Managers making field visits to farmers 
Involving local schools/colleges 
Use of rich private companies/suppliers 
Farmer to farmer messages 
8. List other methods that you use to train 
producers 
9. How much do you think the training programs given to you have benefited 
you? 
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10. How much has your training benefited your staff and the 
producers 
11. Please check the highest level of education you have attained 
High School 
Community College 
University graduate 
Masters degree 
Ph.D. 
12. Your gender is: Male 
Female 
13. Your age is years 
14. In your opinion what do you think is the main factor that hinders producers from getting all that 
knowledge of sustainable agriculture that is available? Give a brief 
statement 
General comments: 
Do you have any comments or suggestions? 
Thank you for participating, 
Please return the completed questionnaire in the enclosed envelope. We appreciate your 
participation in this study. 
Code 
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APPENDIX B. SURVEY (QUALITATIVE) 
Name of interviewee 
Occupation 
Gender 
Age Date 
• What post-harvest losses have you encountered? 
• What educational programs on post-harvest losses have you attended? 
• Where do you get information you need related to pesticides and post harvest losses? 
• What practices do you use to reduce post-harvest losses? 
• Are extension services needed related to this topic? 
• Are more extension programs needed? 
• What are your current practices in storing grain? 
• How did you learn these practices? 
• What problems do you face in storing grain/produce? 
• Who makes decisions on what to do on the farm? 
• What is the woman's role in the farm operation? 
• What is the man's role in the farm operation? 
• How do you control pests in stored grain/produce? 
• Do you use protective clothing when applying pesticides? 
• After attending educational programs on post-harvest losses, what did you do differently on 
your farm? 
• Have post-harvest losses decreased after implementing new practices? If so to what degree? 
• What kind of education approaches or methods do you prefer? Why? 
• What is your best source of new information? Why? 
• Should women have special educational programs apart from men? 
• Do women have different farming practices from those of men? 
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APPENDIX C. COVER LETTER 
Department of Agricultural Education and Studies 
201 Curtiss Hall 
Ames, Iowa 50011-1050 
October 2002 
Dear Cooperative Manager/Promoter: 
Re: Training Cooperative Managers on Sustainable Agriculture Practices to Minimize 
Crop/Produce Losses and to Maximize Food Production in the Developing Nations 
"Agriculture is sustainable when it is ecologically sound, economically viable, socially just, 
and culturally appropriate. Sustainable agriculture preserves biodiversity, maintains soil fertility and 
water purity, conserves and improves the chemical, physical and biological qualities of the soil, 
recycles natural resources and conserves energy" (NGO SAT 1992). Sustainable agriculture 
practices could have a big impact on developing countries. We need your help. We need information 
that will be useful in planning educational programs focused on sustainable agriculture. 
There are training programs going on in many developing nations funded by various United 
Nations agencies. Among these programs, is one in Ethiopia that provides training programs for 
cooperative managers and promoters. These programs focus on program management skills. The 
main purpose of this study is to determine and analyze what training program best meets the needs of 
Cooperative Managers and Promoters in educating producers about sustainable agriculture practices 
to minimize crop/produce losses and to maximize food production. 
The information you provide will be kept confidential. Only group data will be used in our 
analysis. Your responses will not be made available to anyone, and questionnaires will be destroyed 
after data analysis. The data will be used to complete a Ph.D. dissertation and provide information for 
better understanding, planning and implementing best training programs in sustainable agriculture 
management. Your participation is voluntary and if you do not wish to participate in the study please 
return the questionnaire. 
We would be grateful, if you would take 20 minutes to complete the questionnaire and give 
us your perspective regarding this important study. Please use the return envelope with your response. 
We appreciate your participation in this important study. 
Thanks for your cooperation. 
Sincerely, 
David Kagima 
Research Assistant 
Robert A. Martin 
Professor, Agriculture Education and Studies 
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APPENDIX D. QUANTITATIVE DATA 
Quantitative data were collected and were reported in the following section. 
Age 
Table 1. Age group distribution of cooperative managers and promoters in Ethiopia (N = 90) 
Age group Frequency Percent 
25 or less 12 13.3 
26-35 34 37.8 
36-45 38 42.2 
46 or older 6 6.7 
Total 90 100.0 
Educational level 
18 grade (2%) 
16 grade (24.2%) 
14 grade (36.4%) 
Missing (9.1%) 
12 grade (28.3%) 
Figure 1. Distribution of respondents by level of education achieved (N = 90) 
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Gender 
Seventy-nine (87.78 %) respondents were male and eleven (12.22%) were female 
(Figure 2). 
Female (11.1%) 
98$SbS$ 
Missing (9.1%) 
Male (90.9%) 
Figure 2. Gender distribution of respondents (N = 90) 
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Perceptions of sustainable agricultural practices for crop and produce loss 
minimization, and maximization of food production 
Table 2. Means and standard deviations of respondents' level of agreement on 
statements about sustainable agriculture practices as perceived by cooperative managers and 
promoters 
No. Item Mean SD 
1 The use of sustainable agriculture practices in your area requires 
major changes. 
4.49 0.69 
2 Farmers need to have knowledge in sustainable agriculture in 
order to minimize crop and produce losses. 
4.48 0.56 
3 Integrated pest management (IPM) is a very important tool in 
sustainable agriculture. 
4.43 0.78 
4 Sustainable agriculture is important to farmers in your area. 4.38 0.96 
5 Sustainability in agriculture enhances natural resources and good 
crop yields 
4.28 0.65 
6 Most farmers would adapt sustainable agriculture if crop yields 
increased. 
4.27 0.93 
7 The use of sustainable agriculture practices is important in post-
harvest loss minimization. 
4.01 1.02 
8 Educational programs in agriculture should be offered to help 3.87 0.82 
farmers understand sustainable agriculture. 
9 Farmers in your area understand that sustainable agriculture 
enhances the quality of the environment. 
3.83 0.83 
10 Most farmers would use sustainable agriculture practices if these 
practices did not require more use of pesticide. 
3.55 1.09 
11 Sustainable agriculture should be incorporated into agriculture 
extension education 
3.06 0.89 
12 The use of sustainable agriculture practices would minimize 
pesticides use and increase pest species 
2.98 1.41 
Scale: l=Strongly Disagree; 2=Disagree; 3=Neutral; 4=Agree; 5=Strongly Agree. 
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Use of sustainable agricultural practices for crop and produce loss minimization, and 
maximization of food production 
Table 3. Means and standard deviations of farmers' use of sustainable agriculture practices 
for crop and produce loss minimization and maximization of food production as 
perceived by cooperative managers and promoters 
No. Item Mean SD 
1 Cultural practices 4.08 1.18 
2 Sanitation in field and storage 3.08 1.19 
3 Crop rotation 3.07 1.29 
4 Low input of pesticides to control pests 3.01 1.27 
5 Harvesting at recommended moisture content 2.98 1.33 
6 Recommended piling of bags with produce 2.96 1.34 
7 Soil fertility management 2.93 1.30 
8 Residue management 2.93 2.34 
9 Use of pest resistant varieties 2.87 1.21 
10 Exclusion for pests and rodents 2.84 1.08 
11 Proper transportation of produce 2.61 1.18 
12 Mechanical control 2.59 1.29 
13 Proper packaging of produce 2.53 1.24 
14 Use of dunnages/pallets in store 2.38 1.39 
15 Integrated pest management 2.32 1.43 
16 Biological control 2.17 1.33 
17 Granary raised above ground with collar 2.13 1.01 
18 Therapy 2.07 1.17 
19 Clean aerated granary/store 2.01 1.11 
20 Refrigeration 1.74 1.17 
21 UV-radiation 1.33 0.63 
Scale: l=Not all; 2=Very little; 3=Sometimes; 4=Often; 5=Always. 
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Importance of educational strategies used to pass on knowledge and information to 
producers 
Table 4. Means and standard deviations of the importance of selected educational 
strategies to communicate knowledge and information to producers as described 
by cooperative managers and promoters 
No. Item Mean SD 
1 Involving local schools/colleges 4.71 0.68 
2 Government extension workers 4.61 0.68 
3 Field demonstrations 4.52 0.72 
4 Training your staff to train farmers 4.48 0.79 
5 Personal communication at the store 4.42 0.71 
6 Managers making field visits to farmers 4.37 0.85 
7 Agricultural shows 4.31 0.91 
8 Farmer to farmer messages 4.15 1.09 
9 Organizing seminars for producers 4.04 0.92 
10 Your own farm demonstration 3.84 1.04 
11 Address women groups 3.78 1.18 
12 News media (Radio/TV/Daily paper) 3.56 1.28 
13 Bulletins/books/posters 3.02 1.26 
14 Use of rich private companies/suppliers 2.97 1.22 
15 Use of local politicians 2.62 1.29 
Scale: l=Not Important; 2=Little Importance; 3=Somewhat Important; 4=Important; 
5=Very Important 
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APPENDIX E. ANO VA TABLES 
Table E-1 : Analysis of Variance by AGE 
Sum of df Mean Sq F Sig. 
Squares 
IMPORTAN Between 4.344 28 .155 1.265 .219 
Groups 
Within 7.479 61 .123 
Groups 
Total 11.822 89 
ENHANCES Between 9.110 28 .325 .732 .816 
Groups 
Within 27.112 61 .444 
Groups 
Total 36.222 89 
KNOWLEDG Between 29.460 28 1.052 1.190 .280 
Groups 
Within 53.929 61 .884 
Groups 
Total 83.389 89 
CHANGES Between 12.581 28 .449 .909 .600 
Groups 
Within 29.667 60 .494 
Groups 
Total 42.247 88 
MINIMIZE Between 42.339 28 1.512 .673 .874 
Groups 
Within 132.650 59 2.248 
Groups 
Total 174.989 87 
PRACTICE Between 17.248 28 .616 .488 .980 
Groups 
Within 75.740 60 1.262 
Groups 
Total 92.989 88 
IPM Between 14.532 28 .519 .791 .749 
Groups 
Within 39.379 60 .656 
Groups 
Total 53.910 88 
PESTICID Between 30.218 28 1.079 .866 .654 
Groups 
Within 73.498 59 1.246 
Groups 
Total 103.716 87 
YIELDS Between 23.548 28 .841 .941 .558 
Groups 
Within 54.507 61 .894 
Groups 
Total 78.056 89 
ENVIRONM Between 25.769 28 .920 .654 .891 
Groups 
Within 84.479 60 1.408 
Groups 
Total 110.247 88 
EDPROG Between 21.560 28 .770 1.434 .121 
Groups 
Within 32.762 61 .537 
Groups 
Total 54.322 89 
AGEXT Between 18.156 28 .648 1.303 .194 
Groups 
Within 29.867 60 .498 
Groups 
Total 48.022 88 
LOWINPUT Between 35.572 28 1.270 .710 .839 
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Groups 
Within 107.417 60 
Groups 
Total 142.989 88 
BIOCONTR Between 72.472 28 
Groups 
Within 86.683 61 
Groups 
Total 159.156 89 
MECHCONT Between 52.293 28 
Groups 
Within 95.145 60 
Groups 
Total 147.438 88 
CULTPRAC Between 49.632 28 
Groups 
Within 75.657 61 
Groups 
Total 125.289 89 
SANITATI Between 31.381 28 
Groups 
Within 93.900 60 
Groups 
Total 125.281 88 
EXCLUSIO Between 36.966 28 
Groups 
Within 59.998 54 
Groups 
Total 96.964 82 
PREVENT! Between 41.629 28 
Groups 
Within 81.167 54 
Groups 
Total 122.795 82 
VARIETIE Between 41.690 28 
Groups 
Within 83.133 56 
Groups 
Total 124.824 84 
CROPROT Between 47.492 28 
Groups 
Within 100.957 60 
Groups 
Total 148.449 88 
FERTILIT Between 28.450 28 
Groups 
Within 121.145 60 
Groups 
Total 149.596 88 
RESIDUE Between 148.250 28 
Groups 
Within 319.331 57 
Groups 
Total 467.581 85 
THERAPY Between 39.193 28 
Groups 
Within 76.383 56 
Groups 
Total 115.576 84 
REFRIGER Between 41.020 28 
Groups 
Within 72.667 54 
Groups 
Total 113.687 82 
1.790 
2.588 1.821 .262 
1.421 
1.868 1.178 .292 
1.586 
1.773 1.429 .123 
1.240 
1.121 .716 .832 
1.565 
1.320 1.188 .288 
1.111 
1.487 .989 .499 
1.503 
1.489 1.003 .482 
1.485 
1.696 1.008 .474 
1.683 
1.016 .503 .976 
2.019 
5.295 .945 .553 
5.602 
1.400 1.026 .454 
1.364 
1.465 1.089 .385 
1.346 
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UVRAD Between 7.771 28 
Groups 
Within 24.783 54 
Groups 
Total 32.554 82 
INTPEST Between 42.871 28 
Groups 
Within 127.450 55 
Groups 
Total 170.321 83 
GRANARY Between 46.419 28 
Groups 
Within 85.617 55 
Groups 
Total 132.036 83 
RAISED Between 66.606 28 
Groups 
Within 85.900 54 
Groups 
Total 152.506 82 
DUNNAGES Between 48.438 28 
Groups 
Within 115.750 56 
Groups 
Total 164.188 84 
MOISTURE Between 44.905 28 
Groups 
Within 104.083 56 
Groups 
Total 148.988 84 
PILING Between 53.679 28 
Groups 
Within 101.217 57 
Groups 
Total 154.895 85 
PACKAGIN Between 47.615 28 
Groups 
Within 88.498 60 
Groups 
Total 136.112 88 
TRANSPOR Between 34.704 28 
Groups 
Within 88.307 60 
Groups 
Total 123.011 88 
DEMO Between 13.768 28 
Groups 
Within 32.457 60 
Groups 
Total 46.225 88 
SHOWS Between 27.567 28 
Groups 
Within 45.624 60 
Groups 
Total 73.191 88 
BULLETIN Between 28.243 28 
Groups 
Within 77.712 60 
Groups 
Total 105.955 88 
COMMUNIC Between 31.029 28 
Groups 
Within 58.567 60 
Groups 
Total 89.596 88 
.278 .605 .925 
.459 
1.531 .661 .882 
2.317 
1.658 1.065 .410 
1.557 
2.379 1.495 .102 
1.591 
1.730 .837 .691 
2.067 
1.604 .863 .658 
1.859 
1.917 1.080 .393 
1.776 
1.701 1.153 .316 
1.475 
1.239 .842 .685 
1.472 
.492 .909 .600 
.541 
.985 1.295 .199 
.760 
1.009 .779 .763 
1.295 
1.108 1.135 .333 
.976 
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EXTWORKE Between 9.898 28 
Groups 
Within 31.490 61 
Groups 
Total 41.389 89 
TRAINING Between 19.691 28 
Groups 
Within 36.533 60 
Groups 
Total 56.225 88 
FARMDEMO Between 34.639 28 
Groups 
Within 61.133 59 
Groups 
Total 95.773 87 
SEMINARS Between 27.448 28 
Groups 
Within 48.374 61 
Groups 
Total 75.822 89 
MEDIA Between 60.919 28 
Groups 
Within 85.181 61 
Groups 
Total 146.100 89 
POLITICI Between 46.632 28 
Groups 
Within 102.524 61 
Groups 
Total 149.156 89 
WOMENGROBetween 36.815 28 
Groups 
Within 88.174 61 
Groups 
Total 124.989 89 
FIELDVIS Between 26.710 28 
Groups 
Within 62.890 61 
Groups 
Total 89.600 89 
SCHOOLS Between 74.671 28 
Groups 
Within 83.217 60 
Groups 
Total 157.888 88 
PRIVATEC Between 59.797 28 
Groups 
Within 70.157 58 
Groups 
Total 129.954 86 
FARMERTO Between 42.241 28 
Groups 
Within 63.581 61 
Groups 
Total 105.822 89 
.354 .685 .864 
.516 
.703 1.155 .314 
.609 
1.237 1.194 .279 
1.036 
.980 1.236 .242 
.793 
2.176 1.558 .075 
1.396 
1.665 .991 .495 
1.681 
1.315 .910 .599 
1.445 
.954 .925 .578 
1.031 
2.667 1.923 .057 
1.387 
2.136 1.766 .054 
1.210 
1.509 1.447 .115 
1.042 
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Table E-2: Analysis of Variance by 
Sum of 
Squares 
IMPORTAN Between .172 
Groups 
Within 11.650 
Groups 
Total 11.822 
ENHANCES Between .864 
Groups 
Within 35.358 
Groups 
Total 36.222 
KNOWLEDG Between .307 
Groups 
Within 83.082 
Groups 
Total 83.389 
CHANGES Between 1.316 
Groups 
Within 40.931 
Groups 
Total 42.247 
MINIMIZE Between 8.864E-02 
Groups 
Within 174.900 
Groups 
Total 174.989 
PRACTICE Between 3.905 
Groups 
Within 89.084 
Groups 
Total 92.989 
IPM Between .295 
Groups 
Within 53.615 
Groups 
Total 53.910 
PESTICID Between .365 
Groups 
Within 103.351 
Groups 
Total 103.716 
YIELDS Between 1.611 
Groups 
Within 76.444 
Groups 
Total 78.056 
ENVIRONM Between 1.226 
Groups 
Within 109.021 
Groups 
Total 110.247 
EDPROG Between .101 
Groups 
Within 54.221 
Groups 
Total 54.322 
AGEXT Between .899 
Groups 
Within 47.124 
Groups 
Total 48.022 
Mean Sq F Sig. 
.172 1.300 .257 
.132 
.864 2.151 .146 
.402 
.307 .325 .570 
.944 
1.316 2.797 .098 
.470 
8.864E-02 .044 .835 
2.034 
3.905 3.814 .054 
1.024 
.295 .479 .491 
.616 
.365 .304 .583 
1.202 
1.611 1.855 .177 
.869 
1.226 .979 .325 
1.253 
.101 .164 .686 
.616 
.899 1.660 .201 
.542 
GENDER 
df 
1 
88 
89 
1 
88 
89 
1 
88 
89 
1 
87 
88 
1 
86 
87 
1 
87 
88 
1 
87 
88 
1 
86 
87 
1 
88 
89 
1 
87 
88 
1 
88 
89 
1 
87 
88 
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LOWINPUT Between 1.585E-03 1 
Groups 
Within 142.987 87 
Groups 
Total 142.989 88 
BIOCONTR Between 9.457E-02 1 
Groups 
Within 159.061 88 
Groups 
Total 159.156 89 
MECHCONT Between 1.308 1 
Groups 
Within 146.131 87 
Groups 
Total 147.438 88 
CULTPRAC Between 5.114E-05 1 
Groups 
Within 125.289 88 
Groups 
Total 125.289 89 
SANITATI Between .410 1 
Groups 
Within 124.871 87 
Groups 
Total 125.281 88 
EXCLUSIO Between 1.125 1 
Groups 
Within 95.838 81 
Groups 
Total 96.964 82 
PREVENT! Between .888 1 
Groups 
Within 121.907 81 
Groups 
Total 122.795 82 
VARIETIE Between 1.925 1 
Groups 
Within 122.898 83 
Groups 
Total 124.824 84 
CROPROT Between .361 1 
Groups 
Within 148.089 87 
Groups 
Total 148.449 88 
FERTILIT Between 1.452 1 
Groups 
Within 148.143 87 
Groups 
Total 149.596 88 
RESIDUE Between 2.372 1 
Groups 
Within 465.209 84 
Groups 
Total 467.581 85 
THERAPY Between 5.647E-02 1 
Groups 
Within 115.520 83 
Groups 
Total 115.576 84 
REFRIGER Between .812 1 
Groups 
Within 112.875 81 
Groups 
Total 113.687 82 
1.585E-03 .001 .975 
1.644 
9.457E-02 .052 .820 
1.808 
1.308 .779 .380 
1.680 
5.114E-05 .000 .995 
1.424 
.410 .286 .594 
1.435 
1.125 .951 .332 
1.183 
.888 .590 .445 
1.505 
1.925 1.300 .257 
1.481 
.361 .212 .646 
1.702 
1.452 .853 .358 
1.703 
2.372 .428 .515 
5.538 
5.647E-02 .041 .841 
1.392 
.812 .583 .448 
1.394 
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UVRAD Between 6.755E-02 1 
Groups 
Within 32.487 81 
Groups 
Total 32.554 82 
INTPEST Between .167 1 
Groups 
Within 170.154 82 
Groups 
Total 170.321 83 
GRANARY Between .487 1 
Groups 
Within 131.549 82 
Groups 
Total 132.036 83 
RAISED Between .126 1 
Groups 
Within 152.380 81 
Groups 
Total 152.506 82 
DUNNAGES Between .538 1 
Groups 
Within 163.650 83 
Groups 
Total 164.188 84 
MOISTURE Between 1.749E-03 1 
Groups 
Within 148.986 83 
Groups 
Total 148.988 84 
PILING Between 4.798E-02 1 
Groups 
Within 154.847 84 
Groups 
Total 154.895 85 
PACKAGIN Between .118 1 
Groups 
Within 135.994 87 
Groups 
Total 136.112 88 
TRANSPOR Between 4.793 1 
Groups 
Within 118.218 87 
Groups 
Total 123.011 88 
DEMO Between 4.873E-02 1 
Groups 
Within 46.176 87 
Groups 
Total 46.225 88 
SHOWS Between .246 1 
Groups 
Within 72.945 87 
Groups 
Total 73.191 88 
BULLETIN Between 5.879E-02 1 
Groups 
Within 105.896 87 
Groups 
Total 105.955 88 
COMMUNIC Between 1.101 1 
Groups 
Within 88.494 87 
Groups 
Total 89.596 88 
6.755E-02 .168 .683 
.401 
.167 .081 .777 
2.075 
.487 .304 .583 
1.604 
.126 .067 .796 
1.881 
.538 .273 .603 
1.972 
1.7495-03 .001 .975 
1.795 
4.798E-02 .260 .872 
1.843 
.118 .076 .784 
1.563 
4.793 3.528 .064 
1.359 
4.873E-02 .092 .763 
.531 
.246 .293 .590 
.838 
5.879E-02 .048 .827 
1.217 
1.101 1.083 .301 
1.017 
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EXTWORKE Between .537 1 .537 1.157 .285 
Groups 
Within 40.852 88 .464 
Groups 
Total 41.389 89 
TRAINING Between 
Groups 
.179 1 .179 .278 .599 
Within 56.045 87 .644 
Groups 
Total 56.225 88 
FARMDEMO Between 6.494E-03 1 6.494E-03 .060 .939 
Groups 
Within 95.766 86 1.114 
Groups 
Total 95.773 87 
SEMINARS Between 
Groups 
.653 1 .653 .765 .384 
Within 75.169 88 .854 
Groups 
Total 75.822 89 
MEDIA Between 
Groups 
5.639E-03 1 5.639E-03 .300 .954 
Within 146.094 88 1.660 
Groups 
Total 146.100 89 
POLITICI Between 
Groups 
1.788 1 1.788 1.068 .304 
Within 147.367 88 1.675 
Groups 
Total 149.156 89 
WOMENGROBetween .292 1 .292 .206 .651 
Groups 
Within 124.697 88 1.417 
Groups 
Total 124.989 89 
FIELDVIS Between 
Groups 
.891 1 .891 .884 .350 
Within 88.709 88 1.008 
Groups 
Total 89.600 89 
SCHOOLS Between 
Groups 
8.853E-03 1 8.853E-03 .055 .944 
Within 157.879 87 1.815 
Groups 
Total 157.888 88 
PRIVATEC Between 
Groups 
.867 1 .867 .571 .452 
Within 129.087 85 1.519 
Groups 
Total 129.954 86 
FARMERTO Between 
Groups 
8.643E-03 1 8.643E-03 .007 .933 
Within 105.814 88 1.202 
Groups 
Total 105.822 89 
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Table E-3: Analysis of Variance by EDUCATION 
Sum of df 
Squares 
IMPORTAN Between .171 3 
Groups 
Within 11.651 86 
Groups 
Total 11.822 89 
ENHANCES Between .952 3 
Groups 
Within 35.270 86 
Groups 
Total 36.222 89 
KNOWLEDG Between 3.823 3 
Groups 
Within 79.565 86 
Groups 
Total 83.389 89 
CHANGES Between .858 3 
Groups 
Within 41.389 85 
Groups 
Total 42.247 88 
MINIMIZE Between 12.563 3 
Groups 
Within 162.426 84 
Groups 
Total 174.989 87 
PRACTICE Between 2.130 3 
Groups 
Within 90.858 85 
Groups 
Total 92.989 88 
IPM Between .391 3 
Groups 
Within 53.519 85 
Groups 
Total 53.910 88 
PESTICID Between 3.443 3 
Groups 
Within 100.273 84 
Groups 
Total 103.716 87 
YIELDS Between 3.060 3 
Groups 
Within 74.996 86 
Groups 
Total 78.056 89 
ENVIRONM Between 2.663 3 
Groups 
Within 107.584 85 
Groups 
Total 110.247 88 
EDPROG Between 1.382 3 
Groups 
Within 52.940 86 
Groups 
Total 54.322 89 
AGEXT Between 5.685 3 
Groups 
Within 42.338 85 
Groups 
Total 48.022 88 
Mean Sq F Sig. 
5.714E-02 .422 .738 
.135 
.317 .774 .512 
.410 
1.274 1.378 .255 
.925 
.286 .588 .625 
.487 
4.188 2.166 .098 
1.934 
.710 .664 .576 
1.069 
.130 .207 .891 
.630 
1.148 .961 .415 
1.194 
1.020 1.169 .326 
.872 
.888 .701 .554 
1.266 
.461 .748 .526 
.616 
1.895 3.804 .063 
.498 
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LOWINPUT Between 3.706 3 
Groups 
Within 139.282 85 
Groups 
Total 142.989 88 
BIOCONTR Between 18.058 3 
Groups 
Within 141.097 86 
Groups 
Total 159.156 89 
MECHCONT Between 12.491 3 
Groups 
Within 134.948 85 
Groups 
Total 147.438 88 
CULTPRAC Between 6.777 3 
Groups 
Within 118.512 86 
Groups 
Total 125.289 89 
SANITATI Between 15.864 3 
Groups 
Within 109.417 85 
Groups 
Total 125.281 88 
EXCLUSIO Between 8.590 3 
Groups 
Within 88.373 79 
Groups 
Total 96.964 82 
PREVENT! Between 6.091 3 
Groups 
Within 116.704 79 
Groups 
Total 122.795 82 
VARIETIE Between 15.286 3 
Groups 
Within 109.538 81 
Groups 
Total 124.824 84 
CROPROT Between 19.944 3 
Groups 
Within 128.505 85 
Groups 
Total 148.449 88 
FERTILIT Between 9.457 3 
Groups 
Within 140.139 85 
Groups 
Total 149.596 88 
RESIDUE Between 8.915 3 
Groups 
Within 458.667 82 
Groups 
Total 467.581 85 
THERAPY Between 1.144 3 
Groups 
Within 114.433 81 
Groups 
Total 115.576 84 
REFRIGER Between 5.670 3 
Groups 
Within 108.017 79 
Groups 
Total 113.687 82 
1.235 .754 .523 
1.639 
6.019 3.669 .055 
1.641 
4.164 2.622 .056 
1.588 
2.259 1.639 .186 
1.378 
5.288 4.108 .090 
1.287 
2.863 2.560 .061 
1.119 
2.030 1.374 .257 
1.477 
5.095 3.768 .054 
1.352 
6.648 4.397 .060 
1.512 
3.152 1.912 .134 
1.649 
2.972 .531 .662 
5.593 
.381 .270 .847 
1.413 
1.890 1.382 .254 
1.367 
138 
UVRAD Between 1.082 3 
Groups 
Within 31.472 79 
Groups 
Total 32.554 82 
INTPEST Between 11.460 3 
Groups 
Within 158.861 80 
Groups 
Total 170.321 83 
GRANARY Between 11.000 3 
Groups 
Within 121.036 80 
Groups 
Total 132.036 83 
RAISED Between 18.665 3 
Groups 
Within 133.841 79 
Groups 
Total 152.506 82 
DUNNAGES Between 12.962 3 
Groups 
Within 151.226 81 
Groups 
Total 164.188 84 
MOISTURE Between 5.358 3 
Groups 
Within 143.630 81 
Groups 
Total 148.988 84 
PILING Between 9.467 3 
Groups 
Within 145.428 82 
Groups 
Total 154.895 85 
PACKAGIN Between 6.566 3 
Groups 
Within 129.546 85 
Groups 
Total 136.112 88 
TRANSPOR Between 8.076 3 
Groups 
Within 114.935 85 
Groups 
Total 123.011 88 
DEMO Between .915 3 
Groups 
Within 45.310 85 
Groups 
Total 46.225 88 
SHOWS Between 2.302 3 
Groups 
Within 70.889 85 
Groups 
Total 73.191 88 
BULLETIN Between 7.129 3 
Groups 
Within 98.826 85 
Groups 
Total 105.955 88 
COMMUNIC Between 4.049 3 
Groups 
Within 85.546 85 
Groups 
Total 89.596 88 
.361 .906 .442 
.398 
3.820 1.924 .132 
1.986 
3.667 2.424 .072 
1.513 
6.222 3.672 .056 
1.694 
4.321 2.314 .082 
1.867 
1.786 1.007 .394 
1.773 
3.156 1.779 .158 
1.774 
2.189 1.436 .238 
1.524 
2.692 1.991 .121 
1.352 
.305 .572 .635 
.533 
.767 .920 .435 
.834 
2.376 2.044 .114 
1.163 
1.350 1.341 .266 
1.006 
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EXTWORKE Between .252 3 
Groups 
Within 41.137 86 
Groups 
Total 41.389 89 
TRAINING Between .544 3 
Groups 
Within 55.681 85 
Groups 
Total 56.225 88 
FARMDEMO Between 1.173 3 
Groups 
Within 94.600 84 
Groups 
Total 95.773 87 
SEMINARS Between 2.475 3 
Groups 
Within 73.347 86 
Groups 
Total 75.822 89 
MEDIA Between 1.919 3 
Groups 
Within 144.181 86 
Groups 
Total 146.100 89 
POLITICI Between 6.941 3 
Groups 
Within 142.214 86 
Groups 
Total 149.156 89 
WOMENGROBetween 3.183 3 
Groups 
Within 121.806 86 
Groups 
Total 124.989 89 
FIELDVIS Between 3.396 3 
Groups 
Within 86.204 86 
Groups 
Total 89.600 89 
SCHOOLS Between 6.283 3 
Groups 
Within 151.605 85 
Groups 
Total 157.888 88 
PRIVATEC Between 2.409 3 
Groups 
Within 127.546 83 
Groups 
Total 129.954 86 
FARMERTO Between 1.505 3 
Groups 
Within 104.317 86 
Groups 
Total 105.822 89 
8.399E-02 .176 .913 
.478 
.181 .277 .842 
.655 
.391 .347 .791 
1.126 
.825 .967 .412 
.853 
.640 .382 .766 
1.677 
2.314 1.399 .249 
1.654 
1.061 .749 .526 
1.416 
1.132 1.129 .342 
1.002 
2.094 1.174 .324 
1.784 
.803 .522 .668 
1.537 
.502 .414 .744 
1.213 
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Table E-4: Analysis of Variance by Years of Work Experience of Work Experience 
Sum of df Mean Sq F Sig. 
Squares 
IMPORTAN Between 3.958 25 .158 1.272 .219 
Groups 
Within 7.840 63 .124 
Groups 
Total 11.798 88 
ENHANCES Between 7.449 25 .298 .657 .877 
Groups 
Within 28.573 63 .454 
Groups 
Total 36.022 88 
KNOWLEDG Between 13.683 25 .547 .497 .972 
Groups 
Within 69.329 63 1.100 
Groups 
Total 83.011 88 
CHANGES Between 16.291 25 .652 1.572 .077 
Groups 
Within 25.697 62 .414 
Groups 
Total 41.989 87 
MINIMIZE Between 61.067 25 2.443 1.320 .189 
Groups 
Within 112.888 61 1.851 
Groups 
Total 173.954 86 
PRACTICE Between 32.032 25 1.281 1.325 .185 
Groups 
Within 59.968 62 .967 
Groups 
Total 92.000 87 
IPM Between 12.262 25 .490 .736 .800 
Groups 
Within 41.329 62 .667 
Groups 
Total 53.591 87 
PESTICID Between 25.927 25 1.037 .815 .708 
Groups 
Within 77.590 61 1.272 
Groups 
Total 103.517 86 
YIELDS Between 35.393 25 1.416 2.117 .090 
Groups 
Within 42.135 63 .669 
Groups 
Total 77.528 88 
ENVIRONM Between 38.303 25 1.532 1.363 .162 
Groups 
Within 69.686 62 1.124 
Groups 
Total 107.989 87 
EDPROG Between 23.032 25 .921 1.873 .053 
Groups 
Within 30.990 63 .492 
Groups 
Total 54.022 88 
AGEXT Between 21.287 25 .851 1.990 .055 
Groups 
Within 26.531 62 .428 
Groups 
Total 47.818 87 
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LOWINPUT Between 39.491 25 
Groups 
Within 102.463 62 
Groups 
Total 141.955 87 
BIOCONTR Between 49.226 25 
Groups 
Within 108.527 63 
Groups 
Total 157.753 88 
MECHCONT Between 39.971 25 
Groups 
Within 104.892 62 
Groups 
Total 144.864 87 
CULTPRAC Between 38.550 25 
Groups 
Within 85.540 63 
Groups 
Total 124.090 88 
SANITATI Between 46.393 25 
Groups 
Within 74.471 62 
Groups 
Total 120.864 87 
EXCLUSIO Between 32.874 25 
Groups 
Within 60.650 56 
Groups 
Total 93.524 81 
PREVENT! Between 43.153 25 
Groups 
Within 76.067 56 
Groups 
Total 119.220 81 
VARIETIE Between 32.236 25 
Groups 
Within 91.323 58 
Groups 
Total 123.560 83 
CROPROT Between 32.240 25 
Groups 
Within 111.840 62 
Groups 
Total 144.080 87 
FERTILIT Between 63.439 25 
Groups 
Within 85.277 62 
Groups 
Total 148.716 87 
RESIDUE Between 165.158 25 
Groups 
Within 298.654 59 
Groups 
Total 463.812 84 
THERAPY Between 27.592 25 
Groups 
Within 86.824 58 
Groups 
Total 114.417 83 
REFRIGER Between 19.660 25 
Groups 
Within 93.962 56 
Groups 
Total 113.622 81 
1.580 .956 .534 
1.653 
1.969 1.143 .327 
1.723 
1.599 .945 .547 
1.692 
1.542 1.136 .334 
1.358 
1.856 1.545 .085 
1.201 
1.315 1.214 .269 
1.083 
1.726 1.271 .226 
1.358 
1.289 .819 .703 
1.575 
1.290 .715 .822 
1.804 
2.538 1.845 .057 
1.375 
6.606 1.305 .200 
5.062 
1.104 .737 .797 
1.497 
.786 .469 .980 
1.678 
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UVRAD Between 9.002 25 
Groups 
Within 23.108 56 
Groups 
Total 32.110 81 
INTPEST Between 72.189 25 
Groups 
Within 96.366 57 
Groups 
Total 168.554 82 
GRANARY Between 42.716 25 
Groups 
Within 87.356 57 
Groups 
Total 130.072 82 
RAISED Between 33.979 25 
Groups 
Within 118.326 56 
Groups 
Total 152.305 81 
DUNNAGES Between 64.893 25 
Groups 
Within 98.917 58 
Groups 
Total 163.810 83 
MOISTURE Between 45.755 25 
Groups 
Within 102.245 58 
Groups 
Total 148.000 83 
PILING Between 57.474 25 
Groups 
Within 96.479 59 
Groups 
Total 153.953 84 
PACKAGIN Between 46.454 25 
Groups 
Within 89.364 62 
Groups 
Total 135.818 87 
TRANSPOR Between 44.589 25 
Groups 
Within 75.774 62 
Groups 
Total 120.364 87 
DEMO Between 12.158 25 
Groups 
Within 33.831 62 
Groups 
Total 45.989 87 
SHOWS Between 12.296 25 
Groups 
Within 59.147 62 
Groups 
Total 71.443 87 
BULLETIN Between 27.321 25 
Groups 
Within 78.633 62 
Groups 
Total 105.955 87 
COMMUNIC Between 19.314 25 
Groups 
Within 70.277 62 
Groups 
Total 89.591 87 
.360 .873 .637 
.413 
2.888 1.708 .058 
1.691 
1.709 1.115 .358 
1.533 
1.359 .643 .886 
2.113 
2.596 1.522 .095 
1.705 
1.830 1.038 .438 
1.763 
2.299 1.406 .142 
1.635 
1.858 1.289 .208 
1.441 
1.784 1.459 .116 
1.222 
.486 .891 .614 
.546 
.492 .516 .965 
.954 
1.093 .862 .651 
1.268 
.773 .682 .855 
1.134 
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EXTWORKE Between 8.710 25 
Groups 
Within 32.302 63 
Groups 
Total 41.011 88 
TRAINING Between 12.437 25 
Groups 
Within 43.552 62 
Groups 
Total 55.989 87 
FARMDEMO Between 22.395 25 
Groups 
Within 73.353 61 
Groups 
Total 95.747 86 
SEMINARS Between 23.413 25 
Groups 
Within 51.306 63 
Groups 
Total 74.719 88 
MEDIA Between 44.772 25 
Groups 
Within 98.846 63 
Groups 
Total 143.618 88 
POLITICI Between 44.625 25 
Groups 
Within 104.386 63 
Groups 
Total 149.011 88 
WOMENGROBetween 26.135 25 
Groups 
Within 98.809 63 
Groups 
Total 124.944 88 
FIELDVIS Between 18.083 25 
Groups 
Within 70.973 63 
Groups 
Total 89.056 88 
SCHOOLS Between 42.222 25 
Groups 
Within 115.221 62 
Groups 
Total 157.443 87 
PRIVATEC Between 26.999 25 
Groups 
Within 101.990 60 
Groups 
Total 128.988 85 
FARMERTO Between 20.586 25 
Groups 
Within 85.212 63 
Groups 
Total 105.798 88 
.348 .679 .857 
.513 
.497 .708 .829 
.702 
.896 .745 .790 
1.203 
.937 1.150 .320 
.814 
1.791 1.141 .328 
1.569 
1.785 1.077 .393 
1.657 
1.045 .667 .869 
1.568 
.723 .642 .890 
1.127 
1.689 .909 .593 
1.858 
1.080 .635 .894 
1.700 
.823 .609 .915 
1.353 
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Table E-5: Analysis of Variance by Population of Farmers Served 
Sum of df Mean Sq F Sig. 
Squares 
IMPORTAN Between 5.413 46 .118 .575 .943 
Groups 
Within 4.500 22 .205 
Groups 
Total 9.913 68 
ENHANCES Between 19.906 46 .433 1.843 .061 
Groups 
Within 5.167 22 .235 
Groups 
Total 25.072 68 
KNOWLEDG Between 37.486 46 .815 .685 .862 
Groups 
Within 26.167 22 1.189 
Groups 
Total 63.652 68 
CHANGES Between 22.108 46 .481 .680 .863 
Groups 
Within 14.833 21 .706 
Groups 
Total 36.941 67 
MINIMIZE Between 96.275 46 2.093 1.108 .411 
Groups 
Within 39.667 21 1.889 
Groups 
Total 135.941 67 
PRACTICE Between 49.500 46 1.076 .831 .709 
Groups 
Within 28.500 22 1.295 
Groups 
Total 78.000 68 
IPM Between 33.536 46 .729 1.094 .422 
Groups 
Within 14.667 22 .667 
Groups 
Total 48.203 68 
PESTICID Between 55.572 46 1.208 1.042 .473 
Groups 
Within 25.500 22 1.159 
Groups 
Total 81.072 68 
YIELDS Between 30.942 46 .673 .752 .795 
Groups 
Within 19.667 22 .894 
Groups 
Total 50.609 68 
ENVIRONM Between 65.072 46 1.415 .973 .547 
Groups 
Within 32.000 22 1.455 
Groups 
Total 97.072 68 
EDPROG Between 23.246 46 .505 .556 .953 
Groups 
Within 20.000 22 .909 
Groups 
Total 43.246 68 
AGEXT Between 27.201 46 .591 1.064 .453 
Groups 
Within 11.667 21 .556 
Groups 
Total 38.868 67 
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LOWINPUT Between 81.701 46 
Groups 
Within 25.167 21 
Groups 
Total 106.868 67 
BIOCONTR Between 90.072 46 
Groups 
Within 27.000 22 
Groups 
Total 117.072 68 
MECHCONT Between 91.529 46 
Groups 
Within 22.000 21 
Groups 
Total 113.529 67 
CULTPRAC Between 60.109 46 
Groups 
Within 47.833 22 
Groups 
Total 107.942 68 
SANITATI Between 70.446 46 
Groups 
Within 27.833 21 
Groups 
Total 98.279 67 
EXCLUSIO Between 47.389 46 
Groups 
Within 29.500 16 
Groups 
Total 76.889 62 
PREVENTI Between 53.493 46 
Groups 
Within 32.867 17 
Groups 
Total 86.359 63 
VARIETIE Between 63.771 46 
Groups 
Within 31.167 17 
Groups 
Total 94.938 63 
CROPROT Between 79.387 46 
Groups 
Within 37.833 21 
Groups 
Total 117.221 67 
FERTILIT Between 91.132 46 
Groups 
Within 27.500 21 
Groups 
Total 118.632 67 
RESIDUE Between 274.497 46 
Groups 
Within 160.367 19 
Groups 
Total 434.864 65 
THERAPY Between 61.121 46 
Groups 
Within 27.500 19 
Groups 
Total 88.621 65 
REFRIGER Between 50.024 46 
Groups 
Within 26.833 16 
Groups 
Total 76.857 62 
1.776 1.482 .165 
1.198 
1.958 1.595 .118 
1.227 
1.990 1.899 .056 
1.048 
1.307 .601 .927 
2.174 
1.531 1.155 .369 
1.325 
1.030 .559 .937 
1.844 
1.163 .601 .913 
1.933 
1.386 .756 .778 
1.833 
1.726 .958 .564 
1.802 
1.981 1.513 .153 
1.310 
5.967 .707 .833 
8.440 
1.329 .918 .608 
1.447 
1.087 .648 .874 
1.677 
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UVRAD Between 18.554 46 
Groups 
Within 8.000 18 
Groups 
Total 26.554 64 
INTPEST Between 82.167 46 
Groups 
Within 52.833 17 
Groups 
Total 135.000 63 
GRANARY Between 75.193 46 
Groups 
Within 30.667 17 
Groups 
Total 105.859 63 
RAISED Between 94.651 46 
Groups 
Within 32.833 15 
Groups 
Total 127.484 61 
DUNNAGES Between 97.138 46 
Groups 
Within 34.000 18 
Groups 
Total 131.138 64 
MOISTURE Between 97.804 46 
Groups 
Within 19.667 21 
Groups 
Total 117.471 67 
PILING Between 83.788 46 
Groups 
Within 34.833 19 
Groups 
Total 118.621 65 
PACKAGIN Between 80.931 46 
Groups 
Within 31.833 21 
Groups 
Total 112.765 67 
TRANSPOR Between 69.799 46 
Groups 
Within 24.833 21 
Groups 
Total 94.632 67 
DEMO Between 21.652 46 
Groups 
Within 11.333 21 
Groups 
Total 32.985 67 
SHOWS Between 40.181 46 
Groups 
Within 12.333 21 
Groups 
Total 52.515 67 
BULLETIN Between 57.239 46 
Groups 
Within 27.833 22 
Groups 
Total 85.072 68 
COMMUNIC Between 49.632 46 
Groups 
Within 25.000 21 
Groups 
Total 74.632 67 
.403 .908 .619 
.444 
1.786 .575 .931 
3.108 
1.635 .906 .621 
1.804 
2.058 .940 .586 
2.189 
2.112 1.118 .412 
1.889 
2.126 2.270 .052 
.937 
1.821 .994 .528 
1.833 
1.759 1.161 .364 
1.516 
1.517 1.283 .272 
1.183 
.471 .872 .661 
.540 
.874 1.487 .163 
.587 
1.244 .984 .535 
1.265 
1.079 .906 .622 
1.190 
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EXTWORKE Between 17.319 46 
Groups 
Within 4.333 22 
Groups 
Total 21.652 68 
TRAINING Between 34.108 46 
Groups 
Within 8.833 21 
Groups 
Total 42.941 67 
FARMDEMO Between 44.478 46 
Groups 
Within 32.000 20 
Groups 
Total 76.478 66 
SEMINARS Between 40.167 46 
Groups 
Within 17.833 22 
Groups 
Total 58.000 68 
MEDIA Between 86.717 46 
Groups 
Within 26.500 22 
Groups 
Total 113.217 68 
POLITICI Between 73.645 46 
Groups 
Within 37.167 22 
Groups 
Total 110.812 68 
WOMENGROBetween 71.478 46 
Groups 
Within 29.333 22 
Groups 
Total 100.812 68 
FIELDVIS Between 41.623 46 
Groups 
Within 16.667 22 
Groups 
Total 58.290 68 
SCHOOLS Between 88.951 46 
Groups 
Within 25.167 21 
Groups 
Total 114.118 67 
PRIVATEC Between 70.333 46 
Groups 
Within 29.667 21 
Groups 
Total 100.000 67 
FARMERTO Between 81.384 46 
Groups 
Within 9.167 22 
Groups 
Total 90.551 68 
.376 1.911 .051 
.197 
.741 1.763 .080 
.421 
.967 .604 .920 
1.600 
.873 1.077 .438 
.811 
1.885 1.565 .128 
1.205 
1.601 .948 .575 
1.689 
1.554 1.165 .357 
1.333 
.905 1.194 .333 
.758 
1.934 1.614 .118 
1.198 
1.529 1.082 .435 
1.413 
1.769 4.246 .080 
.417 
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Table E-6: Analysis of Variance by Number of Cooperatives Served 
Sum of df Mean Square F Sig. 
Squares 
IMPORTAN Between 3.500 16 .219 1.655 .118 
Groups 
Within 3.700 28 .132 
Groups 
Total 7.200 44 
ENHANCES Between 7.169 16 .448 1.245 .297 
Groups 
Within 10.075 28 .360 
Groups 
Total 17.244 44 
KNOWLEDG Between 14.300 16 .894 .944 .535 
Groups 
Within 26.500 28 .946 
Groups 
Total 40.800 44 
CHANGES Between 5.394 16 .337 .972 .509 
Groups 
Within 9.717 28 .347 
Groups 
Total 15.111 44 
MINIMIZE Between 37.310 16 2.332 1.051 .442 
Groups 
Within 57.667 26 2.218 
Groups 
Total 94.977 42 
PRACTICE Between 6.845 16 .428 .549 .894 
Groups 
Within 21.042 27 .779 
Groups 
Total 27.886 43 
IPM Between 5.436 16 .340 .395 .972 
Groups 
Within 23.200 27 .859 
Groups 
Total 28.636 43 
PESTICID Between 20.844 16 1.303 1.238 .301 
Groups 
Within 29.467 28 1.052 
Groups 
Total 50.311 44 
YIELDS Between 9.628 16 .602 1.127 .379 
Groups 
Within 14.950 28 .534 
Groups 
Total 24.578 44 
ENVIRONM Between 11.503 16 .719 .460 .947 
Groups 
Within 43.742 28 1.562 
Groups 
Total 55.244 44 
EDPROG Between 12.486 16 .780 1.731 .099 
Groups 
Within 12.625 28 .451 
Groups 
Total 25.111 44 
AGEXT Between 2.336 16 .146 .399 .971 
Groups 
Within 10.242 28 .366 
Groups 
Total 12.578 44 
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LOWINPUT Between 32.586 16 
Groups 
Within 53.325 28 
Groups 
Total 85.911 44 
BIOCONTR Between 21.036 16 
Groups 
Within 50.875 28 
Groups 
Total 71.911 44 
MECHCONT Between 23.378 16 
Groups 
Within 53.200 28 
Groups 
Total 76.578 44 
CULTPRAC Between 23.736 16 
Groups 
Within 36.175 28 
Groups 
Total 59.911 44 
SANITATI Between 31.240 16 
Groups 
Within 27.942 27 
Groups 
Total 59.182 43 
EXCLUSIO Between 10.379 16 
Groups 
Within 43.524 24 
Groups 
Total 53.902 40 
PREVENTI Between 19.647 16 
Groups 
Within 33.133 24 
Groups 
Total 52.780 40 
VARIETIE Between 39.521 16 
Groups 
Within 24.883 25 
Groups 
Total 64.405 41 
CROPROT Between 15.486 16 
Groups 
Within 63.092 28 
Groups 
Total 78.578 44 
FERTILIT Between 30.722 16 
Groups 
Within 55.824 27 
Groups 
Total 86.545 43 
RESIDUE Between 94.970 16 
Groups 
Within 289.681 26 
Groups 
Total 384.651 42 
THERAPY Between 23.321 16 
Groups 
Within 31.083 25 
Groups 
Total 54.405 41 
REFRIGER Between 19.724 16 
Groups 
Within 32.667 24 
Groups 
Total 52.390 40 
2.037 1.069 .424 
1.904 
1.315 .724 .748 
1.817 
1.461 .769 .705 
1.900 
1.484 1.148 .363 
1.292 
1.953 1.887 .071 
1.035 
.649 .358 .981 
1.813 
1.228 .889 .588 
1.381 
2.470 2.482 .060 
.995 
.968 .430 .960 
2.253 
I.920 .929 .550 
2.068 
5.936 .533 .904 
II.142 
1.458 1.172 .351 
1.243 
1.233 .906 .573 
1.361 
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UVRAD Between 5.629 16 
Groups 
Within 15.883 24 
Groups 
Total 21.512 40 
INTPEST Between 40.489 16 
Groups 
Within 51.267 24 
Groups 
Total 91.756 40 
GRANARY Between 21.100 16 
Groups 
Within 49.300 23 
Groups 
Total 70.400 39 
RAISED Between 34.158 16 
Groups 
Within 38.150 22 
Groups 
Total 72.308 38 
DUNNAGES Between 26.343 16 
Groups 
Within 52.133 25 
Groups 
Total 78.476 41 
MOISTURE Between 29.427 16 
Groups 
Within 45.550 26 
Groups 
Total 74.977 42 
PILING Between 21.402 16 
Groups 
Within 54.217 25 
Groups 
Total 75.619 41 
PACKAGIN Between 28.417 16 
Groups 
Within 49.129 27 
Groups 
Total 77.545 43 
TRANSPOR Between 27.762 16 
Groups 
Within 35.783 27 
Groups 
Total 63.545 43 
DEMO Between 4.692 16 
Groups 
Within 10.217 27 
Groups 
Total 14.909 43 
SHOWS Between 10.102 16 
Groups 
Within 8.875 27 
Groups 
Total 18.977 43 
BULLETIN Between 21.769 16 
Groups 
Within 32.675 28 
Groups 
Total 54.444 44 
COMMUNIC Between 7.861 16 
Groups 
Within 10.450 28 
Groups 
Total 18.311 44 
.352 .532 .903 
.662 
2.531 1.185 .345 
2.136 
1.319 .615 .840 
2.143 
2.135 1.231 .320 
1.734 
1.646 .790 .683 
2.085 
1.839 1.050 .443 
1.752 
1.338 .617 .841 
2.169 
1.776 .976 .506 
1.820 
1.735 1.309 .261 
1.325 
.293 .775 .698 
.378 
.631 1.921 .065 
.329 
1.361 1.166 .350 
4.167 
.491 1.316 .254 
.373 
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EXTWORKE Between 5.961 16 
Groups 
Within 8.617 28 
Groups 
Total 14.578 44 
TRAINING Between 12.819 16 
Groups 
Within 5.758 28 
Groups 
Total 18.578 44 
FARMDEMO Between 12.358 16 
Groups 
Within 14.074 27 
Groups 
Total 26.432 43 
SEMINARS Between 13.894 16 
Groups 
Within 14.550 28 
Groups 
Total 28.444 44 
MEDIA Between 25.511 16 
Groups 
Within 20.800 28 
Groups 
Total 46.311 44 
POLITICI Between 41.542 16 
Groups 
Within 37.258 28 
Groups 
Total 78.800 44 
WOMENGROBetween 16.628 16 
Groups 
Within 25.950 28 
Groups 
Total 42.578 44 
FIELDVIS Between 13.861 16 
Groups 
Within 26.050 28 
Groups 
Total 39.911 44 
SCHOOLS Between 21.170 16 
Groups 
Within 26.467 27 
Groups 
Total 47.636 43 
PRIVATEC Between 18.584 16 
Groups 
Within 43.325 27 
Groups 
Total 61.909 43 
FARMERTO Between 15.394 16 
Groups 
Within 26.250 28 
Groups 
Total 41.644 44 
.373 1.211 .319 
.308 
.801 3.896 .051 
.206 
.772 1.482 .178 
.521 
.868 1.671 .114 
.520 
1.594 2.146 .057 
.743 
2.596 1.951 .059 
1.331 
1.039 1.121 .383 
.927 
.866 .931 .547 
.930 
1.323 1.350 .239 
.980 
1.162 .724 .747 
1.605 
.962 1.026 .461 
.938 
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Table E-7: Analysis of Variance by Number of Employees Serviced 
Sum of df Mean Square ! F 
Squares 
IMPORTAN Between 1.709 14 .122 1.009 .459 
Groups 
Within 6.045 50 .121 
Groups 
Total 7.754 64 
ENHANCES Between 7.084 14 .506 1.482 .153 
Groups 
Within 17.070 50 .341 
Groups 
Total 24.154 64 
KNOWLEDG Between 15.370 14 1.098 1.134 .354 
Groups 
Within 48.414 50 .968 
Groups 
Total 63.785 64 
CHANGES Between 5.915 14 .422 1.301 .241 
Groups 
Within 16.239 50 .325 
Groups 
Total 22.154 64 
MINIMIZE Between 21.070 14 1.505 .803 .662 
Groups 
Within 90.009 48 1.875 
Groups 
Total 111.079 62 
PRACTICE Between 12.259 14 .876 .674 .788 
Groups 
Within 63.679 49 1.300 
Groups 
Total 75.938 63 
IPM Between 8.590 14 .614 .816 .649 
Groups 
Within 36.848 49 .752 
Groups 
Total 45.438 63 
PESTICID Between 24.806 14 1.772 1.664 .095 
Groups 
Within 53.256 50 1.065 
Groups 
Total 78.062 64 
YIELDS Between 9.588 14 .685 1.007 .462 
Groups 
Within 34.012 50 .680 
Groups 
Total 43.600 64 
ENVIRONM Between 14.117 14 1.008 .686 .777 
Groups 
Within 73.483 50 1.470 
Groups 
Total 87.600 64 
EDPROG Between 5.549 14 .396 .646 .814 
Groups 
Within 30.698 50 .614 
Groups 
Total 36.246 64 
AGEXT Between 4.271 14 .305 .715 .749 
Groups 
Within 21.329 50 .427 
Groups 
Total 25.600 64 
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LOWINPUT Between 27.562 14 
Groups 
Within 81.423 49 
Groups 
Total 108.984 63 
BIOCONTR Between 28.945 14 
Groups 
Within 84.839 50 
Groups 
Total 113.785 64 
MECHCONT Between 17.203 14 
Groups 
Within 92.906 49 
Groups 
Total 110.109 63 
CULTPRAC Between 20.130 14 
Groups 
Within 52.424 50 
Groups 
Total 72.554 64 
SANITATI Between 12.625 14 
Groups 
Within 77.109 49 
Groups 
Total 89.734 63 
EXCLUSIO Between 17.557 14 
Groups 
Within 55.843 45 
Groups 
Total 73.400 59 
PREVENTI Between 25.224 14 
Groups 
Within 59.050 47 
Groups 
Total 84.274 61 
VARIETIE Between 15.939 14 
Groups 
Within 66.270 47 
Groups 
Total 82.210 61 
CROPROT Between 13.461 14 
Groups 
Within 102.899 49 
Groups 
Total 116.359 63 
FERTILIT Between 16.970 14 
Groups 
Within 91.889 49 
Groups 
Total 108.859 63 
RESIDUE Between 46.146 14 
Groups 
Within 381.854 47 
Groups 
Total 428.000 61 
THERAPY Between 14.637 14 
Groups 
Within 60.773 46 
Groups 
Total 75.410 60 
REFRIGER Between 18.953 14 
Groups 
Within 62.358 46 
Groups 
Total 81.311 60 
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8.125 
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1.321 
1.354 .999 .470 
1.356 
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UVRAD Between 5.466 14 
Groups 
Within 22.305 46 
Groups 
Total 27.770 60 
INTPEST Between 25.518 14 
Groups 
Within 103.065 45 
Groups 
Total 128.583 59 
GRANARY Between 21.236 14 
Groups 
Within 77.698 45 
Groups 
Total 98.933 59 
RAISED Between 34.455 14 
Groups 
Within 84.279 45 
Groups 
Total 118.733 59 
DUNNAGES Between 16.111 14 
Groups 
Within 97.260 47 
Groups 
Total 113.371 61 
MOISTURE Between 28.990 14 
Groups 
Within 85.370 46 
Groups 
Total 114.361 60 
PILING Between 29.416 14 
Groups 
Within 87.181 47 
Groups 
Total 116.597 61 
PACKAGIN Between 13.951 14 
Groups 
Within 97.799 49 
Groups 
Total 111.750 63 
TRANSPOR Between 27.289 14 
Groups 
Within 71.149 49 
Groups 
Total 98.438 63 
DEMO Between 14.250 14 
Groups 
Within 19.735 49 
Groups 
Total 33.984 63 
SHOWS Between 27.503 14 
Groups 
Within 22.935 49 
Groups 
Total 50.438 63 
BULLETIN Between 12.003 14 
Groups 
Within 66.458 50 
Groups 
Total 78.462 64 
COMMUNIC Between 26.739 14 
Groups 
Within 40.123 50 
Groups 
Total 66.862 64 
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EXTWORKE Between 8.994 14 .642 1.435 .173 
Groups 
Within 22.390 50 .448 
Groups 
Total 31.385 64 
TRAINING Between 16.115 14 1.151 1.791 .067 
Groups 
Within 32.131 50 .643 
Groups 
Total 48.246 64 
FARMDEMO Between 18.759 14 1.340 1.350 .215 
Groups 
Within 47.654 48 .993 
Groups 
Total 66.413 62 
SEMINARS Between 10.888 14 .778 .984 .483 
Groups 
Within 39.512 50 .790 
Groups 
Total 50.400 64 
MEDIA Between 29.426 14 2.102 1.333 .222 
Groups 
Within 78.820 50 1.576 
Groups 
Total 108.246 64 
POLITICI Between 18.343 14 1.310 .752 .713 
Groups 
Within 87.104 50 1.742 
Groups 
Total 105.446 64 
WOMENGROBetween 31.343 14 2.239 1.625 .105 
Groups 
Within 68.873 50 1.377 
Groups 
Total 100.215 64 
FIELDVIS Between 17.511 14 1.251 1.295 .244 
Groups 
Within 48.274 50 .965 
Groups 
Total 65.785 64 
SCHOOLS Between 36.261 14 2.590 1.679 .091 
Groups 
Within 77.124 50 1.542 
Groups 
Total 113.385 64 
PRIVATEC Between 23.765 14 1.697 1.050 .424 
Groups 
Within 75.977 47 1.617 
Groups 
Total 99.742 61 
FARMERTO Between 41.549 14 2.968 3.414 .061 
Groups 
Within 43.467 50 .869 
Groups 
Total 85.015 64 
